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3 Metallurg 'y 


1g ne REFINER in this issue presents Part 2 of a 
symposium on the metallurgy of petroleum refin- 
ing equipment, concluding an important and valu- 
able group of discussions which began in the March 
issue. This correlation of up-to-date metallurgical 
information has been made possible through the 
cooperation of several refining, engineering and 
steel companies who have given freely of their time 
and experience in the preparation of this engineer- 
ing and technical information. 

In the group of papers published in Part 1 of 
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this symposium the corrosion problem was discussed 
by two authors, nickel-bearing alloys for refinery 
Service was the topic of another discussion and two 
papers were presented dealing with intermediate 
alloy steels for refinery processing. The metallurgi- 
cal aspects of alloy steels for refinery dealt with 
modern methods of manufacture of a variety of 
Steels and the article on copper and copper-base 
alloys dealt with tubing for condenser, exchanger 
and like equipment. 
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In the present group will be found an equally 
interesting and equally important variety of discus- 
sions. The article on thermal conductivity at elevated 
temperatures presents some late data of real value 
to those studying the effects of temperature on 


metals. A general discussion deals with the wide 
variety of alloys required for refineries and gasoline 


plants with detail of applications and services out- 
lined. Two articles present data on the corrosion 
problem, these dealing with lead and lead-lined 
equipment, and with cast iron. Other articles present 
data on two new chrome-nickel-molybdenum alloys 
for still tube supports, and two new carbon-molyb- 
denum tubes for polymerization units. 

THE REFINER calls attention here that in the com- 
pilation of this symposium each author has been 
given free rein in the complete covering of his sub- 
ject and no attempt has been made to edit any 
author’s personal opinion; but the statements and 
opinions expressed in such discussions are strictly 
those of the authors and should not be construed as 
the opinion or as an endorsement of this journal. 
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Many Varieties of Alloys 


T is difficult to estimate the annual costs to 

petroleum refiners and natural gasoline manu- 
facturers for reconditioning or replacing equipment 
damaged by corrosion. One authority has placed this 
figure at $50,000,000 annually for the refining indus- 
try. Condensers, reboilers, heat exchangers, dephleg- 
mators, vapor lines, cracking furnaces, and a large 
number of other items and points in a refinery or 
gasoline plant are continually suffering varying de- 
grees of attack which must be controlled if the full 
working capacity of each piece of equipment is to 
be obtained, as well as the maintenance of proper 
factors of safety. 

Taken alone, iron, the chief constituent of steel, 
has a strong tendency to react with various corrosive 
liquids, gases and vapors, and forms compounds 
which result in the loss of metal to a degree which 
can so affect the tensile strength of that which re- 
mains, that a failure occurs. Non-ferrous metals 
such as copper and aluminum are more resistant to 
some of the substances which corrode iron, but, by 
themselves possess little strength. Plain iron, as 
well as plain copper and aluminum are also decidedly 
limited in ability to withstand heat. Metallurgists 
have long been concerned with the objective of 
improving the resistance of steel to corrosive ele- 
ments, as well as heat and pressure and the result 
has been the alloying of rarer metals such as van- 
adium, molybdenum, nickel and chromium with a 
steel base to produce alloy steels whose properties 
are made to vary according to the use to which 
they are to be put. In recent years the application 
of alloy steels has been extended to every conceiv- 
able part of a refinery from cracking furnace to 
rundown tanks, and in the gasoline plant wherever 
a special requirement exists. 

Tubing for surface condensers, coolers and reboil- 
ers—or wherever one side of a tube is exposed to 
water and the other side to petroleum liquids or 
vapors—which is thoroughly resistant to corrosion 
is still a problem of importance. One observer has 
made the estimate that of all the tubing in use at 
present, one half is ferrous and the other half non- 
ferrous—with the bulk of the non-ferrous tubing 
consisting of Admiralty metal, of the approximate 
composition of 70 percent copper and 30 percent 
zinc. From tube compositions made up with plain 
carbon steel, other compositions are available rang- 
ing from stainless steel of the 18-8 type to those 
containing 4-6 percent chromium and 0.5 percent 
molybdenum; also carbon steel with 0.5 percent 
molybdenum, and finally the non-ferrous alloys such 
as the Admiralty metals. 

The history of the use of tubing logically begins 
with the application of copper to condensers. Pro- 
tection against water was good, but trouble came 
with plant liquids and vapors. Copper-zinc alloys 
of the Admiralty metal type and containing one 
percent of tin were found to give somewhat 1m 
proved performance. Such alloys are still popular. 
The last few years have witnessed the development 
of the extrusion press for the manufacture of seam 
less tubing, and it has done much to improve the 
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Required for Refinery and 


Gasoline Plant Equipment 


fabricated properties of non-ferrous tubes whose most 
vulnerable point formerly was along the seam. 
Because of the extensive use of Admiralty Metal, 
the characteristic types of corrosion which commonly 
attacks it is worthy of mention. Since brass alloys 
are sensitive to a form of corrosion brought about 


through the selective dissolving of the zinc con-. 


stituent. This condition, known as dezincification, is 
particularly noticeable in the yellow brasses which 
contain less than 80 percent copper. Where dezinci- 
fication occurs, the zinc is dissolved and leaves por- 
ous patches of copper in the tube walls. This type 
of corrosion is a common cause of tube failure. De- 
zincification can take place in alkaline as well as 
acid water, is more rapid the higher the temperature, 
is localized rather than general, and most commonly 
occurs in alloys containing less than 80 percent 
copper. 

Red brass, made up of 85 percent copper and 15 
percent zinc is among the non-ferrous alloys recom- 
mended for use under conditions favoring dezinci- 
fication. Refinery and gasoline plant tests made with 
condenser tubes through which cooling water flowed 
and on the outside of which were corrosive vapors, 
favors the application of red brass, high-arsenic 
brass, and copper-nickel alloys. The incorporation of 
arsenic in brass, while adding resistance to dezincifi- 
cation, brings the possibility of stress cracks. Work 
has been done which appears to be proving that 
antimony, instead of arsenic, is a more favorable 
ingredient. 

Where tubing is exposed to vapor corrosion, sulfur 
in its various forms is the chief problem. Corrosion 
by the different forms of sulfur usually occurs as 
pitting and the formation of sulfide scale. Sulfide 
scale does not form a protective coating, and the 
high-copper alloys which resist water corrosion are 
of little help because of the affinity of copper for 
sulfur. Aluminum-copper alloys are helpful because 
of the higher resistance of aluminum to sulfur. Be- 
cause of the resistance of high-copper alloys to de- 
zincification and low-copper alloys to sulfur attack, 
work is being carried out toward the use of two- 
alloy tubes, one side being high-copper and the 
other side low-copper. 

Copper-nickel alloys containing less than 50 per- 
cent nickel have been used with success in con- 
densers and heat exchange equipment. A composi- 
tion of 30 percent nickel and 70 percent copper has 
Proved effective in general application, while special 
applications range from 20 percent nickel in a heat 
*xchanger to 7 percent nickel in a shell-and-tube 
heater for preheating acid sludge before burning. 
Copper-nickel, and copper-aluminum-nickel alloys 
Containing 4 percent nickel are also used in tubing 
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for heat exchangers, condensers and related appli- 
cations. 


When tubing is applied to conditions where high 
temperatures and pressures are developed, as well 
as a corrosive atmosphere, the metallurgical require- 
ments become more rigid. Cracking furnaces, tube 
supports, return bends, reaction chambers, stud 
bolts, hot oil and pressure distillate pumps, valve 
bodies and trimmings, and many other pieces of 
equipment demand an exacting choice of steels for 
their fabrication. 


A good high temperature tube must fulfill the 
four requirements of (1) having an adequate strength 
at the operating temperature, (2) must resist cor- 
rosion, (3) must resist oxidation and (4) resist em- 
brittlement when heated or on cooling down after 
long exposure to a high temperature. Nickel, chrom- 
ium, silicon, molybdenum and tungsten are among 
the metals which import various properties to steel 
which do much to fulfill the aforementioned require- 
ments. 


The outstanding property possessed by chromium 
is its resistance to oxidation, and this property has 
established it as a basic element in making up 
scale-resisting alloy steels. The chromium content of 
plain chromium steels is 4 to 6.5 percent. Silicon 
also can impart resistance to oxidation. Scale formed 
on silicon-bearing steels is tough and dense, adhering 
tightly and helping to prevent further oxidation. 
Silicon acts best when in combination with chrom- 
ium. It has been said that 4 to 6.5 percent chromium 
steel produces a tube which resists scaling up to 
1300° F., and that the addition of 1.5 percent silicon 
raises the scaling resistance to 1500° F., while 3.5 
percent silicon enables the alloy to resist 1800° F. 
Molybdenum increases the creep strength of alloys 
but decreases the resistance to scaling. Tungsten 
also increases the creep strength but does little to 
increase scaling resistance. 


Cracking tubes must be resistant to corrosion by 
hydrogen sulfide and hydrochloric acid, as well as 
maintain a good tensile strength and low creep rate 
at high temperatures. The average life of plain car- 
bon steel under operating conditions ranging from 
250 to 1200 pounds pressure and 750 to 1250° F. is 
two years or less. The addition of 0.5 percent molyb- 
denum greatly improves the life of plain steel where 
there is not much corrosion. Four to 6 percent chrom- 
ium with 0.5 percent molybdenum gives a satisfac- 
tory alloy for some conditions. 

For furnace tubing, seamless cold-drawn tubes 
with 0.25-inch walls have been operated at high 
pressures and temperatures for 500 days before re- 
placements were necessary. Cast iron has been used 
for tube supports, but for severe requirements an 
alloy of 28 percent chromium and 8 percent nickel 
has been used. Aluminum-bronze has been advanced 
as superior to ordinary steel fittings for return bend 
headers and plugs, but not highly resistant to cor- 
rosion. Nickel-chromium and chromium plated plugs 
are an improvement, with forged chrome fittings re- 
ported still more successful. 

Next to cracking and furnace tubes in severity of 
exposure to corrosive liquids and vapors are the 
pipe and pipe connections to reaction chambers, 
transfer lines, vapor lines, liquid-level lines, accumu- 
lators, run-down tanks, and many other places and 
services. For general requirements, chromium and 
chromium-nickel alloys are satisfactory. The 18 per- 
cent chromium .and 8 percent nickel resists high 


temperatures and pressures. For special condition 
12 to 14 percent chromium steel performs well. A 
vapor channel for a heat exchanger was recently 
cast which has the following composition: carbon 
0.34 percent, manganese 0.59 percent, silicon 0.32) 
percent, nickel 1.97 percent, chromium 0.79 percent: 
and molybdenum 0.30 percent. 4 
The liquid ends and surge blocks of pumps are 
more resistant to chemical attack if the steel from: 
which they are made contains some nickel (around 
0.5 percent). Valves, bolts and nuts on hot-oil pumps 
should contain 12 to 18 percent chromium, it is re= 
ported, Hot-residuum and hot-feed pumps are often” 
protected by a high chromium content, such as in7 
18-8 steel. Pumps handling very cold liquids (—50 
to —75° F.) in solvent dewaxing operations can 
effectively use casting made of 2.5 to 3 percent! 
nickel and 0.20 percent carbon. Pump bodies are) 
also resistant to many unusual conditions which re=) 
quire 3.30 percent carbon, 0.65 percent manganese, 
1.5 percent silicon and 1.25 percent nickel. Valve? 
bodies have good corrosion and heat resistance when 
containing 5.25 percent carbon, 0.65 percent mangan=7 
ese, 1.40 percent silicon and 0.75 percent nickel. 
Cast irons containing nickel and chromium have a= 
wide range of application to refinery and gasoline | 
plant equipment. In explaining the effect on cast 
iron of added nickel and chromium Fraser and Van- 
ick (Proc. A.P.I. Div. of Prod. May 23, 1934) say 
“Nickel is added to gray iron for the purpose of ob- 
taining improved and more uniform structure, hard- 
ness, wear resistance, strength in readily machinable 
castings, and to widen the limits of hardness and 
promote machinability. * * * Nickel and chromium 
are used together in gray iron primarily for the 
purpose of refining its structure, and of hardening 
and strengthening it without impairing its machin- 
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In the application of alloy cast irons to heavy 65 f 
compressor cylinders, 3.00 percent carbon, 0.80 per- aay 
cent manganese, 1.10 percent silicon and 2.00 percent perc 
nickel is a good combination. For heavy cylinder oo 
liners the composition can be 3.10 percent carbon, of p 
0.80 percent manganese, 1.00 percent silicon and the 
1.00 percent nickel. For heavy piston, the carbon eet 
content can be 3.20 percent, manganese 0.65 per- in c 
cent, silicon 1.10 percent and nickel 1.25 percent. susp 
Light pistons often contain 0.20 percent more cat- com: 
bon, the same amount of manganese, 1.40 percent dive 
more silicon and 0.25 percent less nickel. Medium C. 
piston rings can contain 3.30 percent carbon, 0.59 i. 
percent manganese, 1.50 percent silicon and 1.29 d . 
percent nickel. Heavy piston rings often contain 0.30 in, 
percent less carbon, 0.30 percent more manganese, this 
0.40 percent less silicon and the same amount 0! liven 
nickel. Page 
Nickel and chromium together find application in F “d 
light compressor cylinders, cylinder heads, and light abect 
cylinder liners. One combination for light compres- . 
sor cylinders consists of 3.30 percent carbon, 0.59 : a 
percent manganese, 2.10 percent silicon, 1.25 percent a 
‘ 


nickel and 0.45 percent chromium. A cylinder head 
composition has been reported as 3.30 percent cat Pace 


bon, 0.55 percent manganese, 2.10 percent silicon, ducin 
1.25 percent nickel and 0,45 percent chromium. And be 
unc 


a light cylinder line composition is reported as 3.20 
percent carbon, 0.55 percent manganese, 2.00 percent Pom 
silicon, 1.75 percent nickel and 0.50 percent chrom- le 
ium. hey 
Alloys of Monel metal type have been applied to 
solvent dewaxing and distillation problems. The 


150 Refiner & Natural Gasoline Manufacturer—V ol. 16, No. 4 April, 





and 
bon 
yer- 
ent. 
car- 
‘ent 
ium 
0.55 
1.25 
0.30 
ese, 
t of 


n in 
ight 
res- 
0.59 
cent 
head 
car- 
icon, 
And 
3.25 
cent 
rom- 


-d to 
The 


Vo. 4 


composition of such an alloy varies between 64 to 
65 percent nickel, 29.0 percent copper, 2.0 to 2.5 per- 
cent iron, 2.75 to 3.25 percent silicon, 0.5 to 0.7 
percent manganese and 0.1 to 0.2 percent carbon. 
In solvent dewaxing operations involving the use 
of phenol, carbon tetrachloride and trichlorethylene, 
the use of Monel alloys has proven effective. Where 
carbon tetrachloride is distilled from dewaxed oil 
in contact with ordinary steel, the steel has been 
suspected of catalytically bringing about the de- 
composition of the carbon tetrachloride with the 
subsequent formation of hydrochloric acid. 

Corrosive vapors from crude-oil topping’ stills 
have been controlled by lining the inlet and outlet 
nozzles, and the vapor space in fractionating towers 
with Monel alloy sheeting. General application of 
this type of alloy is effective where sulfur com- 
pounds in the presence of water form acids. But 
it is not very effective in the presence of sulfur 
compounds at high temperatures. Bubble caps for 
absorbers, stills, stabilizers, refinery and cracking 
plant fractionating equipment are being made from 
stainless steels and securing prolonged service. 

The rapid development of solvent dewaxing has 
placed a new burden on the metallurgist by intro- 
ducing the requirement that steels be fabricated to 
withstand low temperatures down to — 75° F. It was 
lound that certain austenitic steels with a high nickel 
content can keep their strength and resist shock even 
down to the temperature of liquid air — 190°C. 
They can be made up commercially in various forms. 
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Refinery at night. Colonial Beacon Oil Company, 
Everett, Massachusetts. 


The composition and strength of one type of plate 
used in a Pacific Coast solvent dewaxing unit con- 
forms to the specification: carbon 0.20 to 0.30 per- 
cent, manganese 0.50 to 0.80 percent, a minimum of 
0.25 percent silicon, and 2.00 to 2.50 percent nickel. 
Such a steel has an ultimate tensile strength of 
70,000 pounds, a yield point of 40,000 pounds, an 
elongation of 30 percent in 2 inches, and a Charpy 
impact of 15 foot-pounds at — 50° F. 

Aside from the development of uniform alloys, 
the question of metal coating has been receiving 
serious consideration. Plating has limitations as to 
layer-thickness and the range of materials which 
can be deposited. There are many places in the 
refinery or gasoline plant where a dense and uniform 
coating of resistant metal or alloy would be an eco- 
nomical and satisfactory protective or corrective 
measure. One system of depositing metal coatings 
utilizes an oxy-acetylene flame to melt and vaporize 
wires made up of aluminum, brass, various bronzes, 
cadmium, Monel, Nichrome, and high-carbon, stain- 
less and manganese steels. 

A gear system feeds the wire into the melting 
flame, where it is atomized by a compressed air jet. 
The spray nozzle is held near the surface to be 
coated and moved back and forth over the area de- 
sired. Coatings from 0.002-inch to one-eighth inch 
can be built up in this manner. 
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Materials for Refinery Pumps | 


and Compressors 


J. W. FOSTER 


Metallurgical Department 
Ingersoll-Rand Company 


MODERN refinery consists of 

a complex array of equipment 
fabricated from plate, bar stock, tub- 
ing, structural shapes, and castings. 
All these materials have their par- 
ticular application. Their properties, 
such as strength, hardness, ductility, 
creep, corrosion resistance, heat re- 
sistance, weldability, thermal conduc- 
tivity, coefficient of expansion, etc., 
are factors in the selection of a mate- 
rial for a certain structure or as a 
unit part of a piece of apparatus. In 
fact, practically every property of 
materials that! can be commercially 
controlled must be considered at 
some time during the selection of 
equipment for refineries. 

The reason for this is that ex- 
tremely wide variations in tempera- 
ture, pressure, and corrosive proper- 
ties are encountered in the liquids 
and gases to which materials are subjected. The tem- 
perature range may be from minus 100° F. up to 1800° 
F. while pressure requirements may vary from a vacuum 
up to 5000 pounds per square inch. 

The development of these severe service requirements 
within the past few years has obviously necessitated the 
development and testing of materials to meet such re- 
quirements. The demand for a material with special 
properties originates at the refinery and is passed along 
to the equipment manufacturer, who in turn may pass 
it on to the raw material supplier. 

Usually the demand from a refinery is for a pump, 
compressor, pressure vessel, or other. piece of equip- 
ment to do a certain job. Frequently, such demands 
are preceded by tests at the refinery to determine the 
suitability of certain materials. It has been found that 
such experiments are real safeguards to the refinery, as 
the equipment manufacturer, or steel mill, or foundry 
producing the raw materials often cannot make suitable 
tests which will take the place of tests made under 
actual service conditions. While normal laboratory cor- 
rosion tests, for example, can be run in an effort to 
s'mulate service conditions, such tests cannot duplicate 
those seriously troublesome factors of velocity (abra- 
sive action), including gases (in liquids), pressure, etc. 
Consequently, laboratory tests can be considered only 
as an indication of the relative merits of materials to 
he subsequently confirmed by service tests. 

The larger refineries have their own metallurgical 
staffs who develop specifications for materials for re- 
finery service. These specifications, usually based on 





extensive tests and actual service 
observations, are used in the pur- 
chase of equipment. The purchase of 
materials to refinery specifications is 
welcomed by the equipment manu- 
facturer. Not that the manufacturer 
feels the responsibility for the per- 
formance of the equipment is there- 
by placed in the hands of the pur- 
chaser, but experience with materials 
in actual service, as reflected in the 
specifications, is a more reliable crite- 
rion than laboratory tests in deter- 
mining the suitability of materials. 

One problem in the specifying of 
materials by refineries is that there 
is a danger of becoming uncommer- 
cial in the use of specifications for 
certain parts. For example, a refinery 
finds a cast iron pump cas‘ng or 
compressor cylinder to be giving ex- 
ceptionally good service. Naturally, 
any replacement casings, cylinders, or additional ma- 
chines handling the same fluid should be from the same 
material and orders for equipment to handle this fluid 
will have all cast iron parts specified to be made from 
the composition which has already proven satisfactory. 
This particular composition of cast iron may have orig- 
inally been supplied solely to obtain satisfactory foundry 
characteristics, physical properties, etc., and such factors 
in many cases depend upon the design of the casting. 
Obviously, a manufacturer cannot be expected to furnish 
a high chromium, low total carbon iron in a small 
pump impeller having 14-inch sections which must 
be machined. Such an iron could be applied to a heavy 
pump casting with excellent results as it would pro 
vide a hard, high strength casting, but in small cast 
ings with light sections this iron would be unmachine- 
able. In such -cases, it would be desirable for the 
refinery to specify the required Brinell hardness of 
othe# properties he feels are essential and allow the 
manufacturer to apply a composition to meet thesé 
specifications. 

In dealing with materials for refinery pumps in pat 


ticular, it should be remembered: that practically every © 


operation, from the charging of crude oil into a distilla- 
tion unit to the shipping of the refined products, iF 
volves some kind of pumping equipment. This meams 
that a wide variation in temperature and pressure must 
be met together with the factors of corrosion and ef 
sion (abrasion). Such conditions result in the use of a 
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Seven 300-horsepower gas engine-driven 
compressors used for gas-lift service. 
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great variety of materials in refinery pumps and con- 
sequently, due to space limitations, the discussion of 
pump materials necessarily must be general. 

For the purpose of classification, practically all me- 
tallic pump materials originate in the form of castings 
or bar stock. Forgings may be classed as a subdivision 
of bar stock. 

Castings may be further subdivided as follows: 

I. Ferrous 

(a) Cast Iron 
1. Unalloved grey cast iron and “semi steel.” 
2. Alloy cast iron and “semi steel.” 
3. Corrosion resistant cast iron (NiResist). 
(b) Malleable Castings 
(c) Steel 
1. Carbon and low alloy steel. 
2. Intermediate corrosion resistant steel. 
3. Stainless steels. 
Il. Non-Ferrous 
(a) Brass and Bronze 
(b) Aluminum 
(c) Miscellaneous—Monel Metal, Illium, Hastelloy, Etc. 


Unalloyed grey cast iron and semi steel” have a wide 
application for general service centrifugal pump casings, 
impellers, and other internal castings. Alloy cast iron 
and “semi steel’ are used where higher strengths are 
required. Incidentally, the term “semi steel’’ is some- 
what of a m‘snomer as the term applies to cast iron in 
which some steel scrap is used in the cupola charge. 
The principal object in using steel scrap in the charge is 
to cut down the total carbon, thus improving the tensile 
strength. The resulting product is cast iron in all re- 
spects, and cannot be classed as steel in any sense of 
the word. 

Alloying of cast iron involves the addition of one or 
more elements such as: nickel, chromium, molybdenum, 
copper, vanadium and titanium. The first three named 
are the most common, but the use of copper is rapidly 
increasing. These elements are added simply to obtain 
certain desired properties in the iron, such as tensile 
strength, transverse strength, hardness, growth resist- 
ance, etc. In general, the alloying of cast iron has little 
if any effect on the corrosion resistance, with the possi- 
ble exception of an iron containing about 2.5/3.0 per- 
cent nickel which appears to have somewhat improved 


Two cracking coil charg- 
ing pumps handling oil 
at 750° F. 
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corrosion resistance for general refinery service. This 
type of alloy iron is also desirable for sub-zero appli- 
cations. 

NiResist is a special type of corrosion resistant cast 
iron which is being rather widely used in refinery pumps 
and other equipment. The most common type of NiRe- 
sist has the following composition: 


Percent 
Ee SO Sy ek tea bo he 2.75/3.10 
ES OR LRT ETAL OER ee OE TY 6a 1.25/2.C0 
NNN ee wis a bce bbe, cou ene eee 1.00/1.50 
DM oe aoc, oes cs wanctank meee 2 caeeeree 13.00/15.00 
NS ro  Unvas thence be who hah oe eat Ole 
C GREIETS 5h oe RNS ee eas Awa 1.50/2.00 


This iron has good corrosion and heat resistance, but 
as compared with regular cast iron it is rather expen- 
sive. Furthermore, it normally has a low tensile strength 
(20000-30000 Ibs. per sq. in.) and is difficult to obtain 
in the form of centrifugal pump casings and impellers. 

Malleable iron is of no major importance in refinery 
pumps as its use is confined largely to glands and other 
minor fittings. 

The use of carbon, alloy, and stainless steel castings 
is of course widespread and it is beyond the scope of 
this paper to go into detail concerning the various types 
of steels. It suffices to say that an equipment manufac- 
turer can furnish essentially any commercial composi- 
tion or set of physical properties demanded. Rap‘d 
strides in recent years by steel foundries have made this 
possible. 

The actual use of stainless castings of various types 
depends upon local conditions and is often dictated by 
balancing the life of a material with its replacement 
cost. While an all 18-8 chrome nickel steel pump for 
example may be the most desirable one for a certain 
application, it may not necessarily be the most commer- 
cial material. In many such cases a carbon steel casing 
with an 18-8 impeller may be the cheapest in the long 
run. This is true even though the carbon steel casing 
may have to be replaced long before an 18-8 casing, had 
this material been used at an initially higher cost. Abso- 
lute corrosion resistance is usually expensive. 

This situation is largely a matter of economics, for 
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A group of reflux 
and feed pumps. 


there is probably no corrosive refinery application where 
some material cannot be applied which will stand up al- 
most indefinitely. This obviously does not apply to wear- 
ing parts which must be replaced at intervals. 

The non-ferrous group, particularly brass, bronze, 
and monel metal, is used in various applications. The 
conventional regular fitted centrifugal pump is usually 
equipped with a brass or bronze impeller, and is usually 
supplied for pumping water, gasoline, and _ refined 
products. Monel metal is used in competition with stain- 
less steels in corrosive applications. 

The principal bar stock parts in the conventional type 
centrifugal pump are the shaft and bolting materials. 
Other miscellaneous parts usually in this class are shaft 
sleeves, intermediate sleeves and bushings, balancing 
parts, etc. 

Shaft materials are normally selected from the stand- 
point of physical properties as they are usually protected 
from the action of the liquid being handled by the 
pump. In pumps operating at elevated temperatures it 
is necessary to consider the physical properties at the 
operating temperatures and the coefficient of expansion. 

Bolting materials are of various chemical and physi- 
cal properties depending upon operating conditions. 
Carbon steel is used for moderate pressures and tem- 
peratures. As the temperature and pressure increase, 
alloy steel bolts and studs are used, heat treated to 
definite physical properties. For extremely high tem- 
peratures where creep is a major factor, bolting mate- 
tials of the 5 percent chromium-1 percent tungsten, or 
the 5 percent chromium-.50 percent molybdenum types 
are usually used. 

The so-called miscellaneous parts such as balancing 
drums, balancing sleeves, shaft sleeves, intermediate 
sleeves and bushings, and wearing rings cannot be dis- 
missed lightly. They are extremely important parts in 
multi-stage pumps and often present the most trouble- 
some material problems to the manufacturer. These are 
parts which must have exceptional wearing properties, 
ability to run in contact with other parts, and good 
corrosion resistance. Materials used for such parts in- 
clude Nitralloy, Stellite, hardened stainless steels, case 
hardened steels. Nitralloy and case hardened steel, do 
not always have adequate corrosion resistance but in 
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many cases their superior hardness more than over- 
balances this deficiency. The ultimate goal in the mate- 
rial line for these parts is a steel with the corrosion re- 
sistance of the 18 percent chromium-8 percent nickel 
steel ana the hardness of nitrided Nitralloy. 

Refinery compressors fall into two classes: (a) those 
handling air, i.e., conventional air compressors, and 
(b) those handling propane, refinery gases, hydrogen, 
etc. It is with the gas ends of these compressors that 
we are concerned from the standpoint of materials. The 
major parts involved inciude the cylinder (including 
liner), valves, piston, and piston rod. 

In an air compressor the cylinder and piston as well 
as the heads are of cast iron and normally no liner is 
used. The piston rod is of steel and the valves may or 
may not be stainless steel. 

Cracking plant compressors are required to handle 
mixed refinery gases, which are usually composed of 
methane and ethane with smaller amounts of propane, 
ethylene, propylene, butane, and butylene. Such gases 
may also contain quantities of hydrogen sulphide. These 
gases are somewhat corrosive and the most commercial 
set of materials for compressors handling these gases is 
as follows: 


Cylinder and Heads....Cast iron with extra thickness 
allowance for corrosion 

inet sock ree Mae cer hieee tT ae Cast iron 

ge Eee COME Ete MOLE IGN pam Rye res F Cast iron 

El er arene Pere PMTCR mT 

Piston “ROG? ojo.) oisdnee cd gancotd buated en eee 


This same group of materials is used for propane 
units in polymerization plants. 

Hardened cast iron may be used in some cases for 
liners, although a hard liner does not necessarily imply 
a low rate of wear under all conditions. An important 
factor in liner life is the maintenance of an adequate oil 
film on all rubbing parts and the effective trapping out 
of moisture and condensate. 

Hydrogen compressors in hydrogenation plants pre- 
sent no corrosion problems, but do require materials 
suitable for the high pressures encountered. The prin- 
cipal parts affected are the piston rod, where it is neces- 
sary to use a nitrided material to resist packing wear; 
and the studs, where a high strength alloy steel is used. 
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HE results that can be expected from the use 

of a corrosion-resistant material, whether it be 
of a steel or nonferrous variety, depend so much 
upon the conditions of use that it is practically im- 
possible to give concrete and specific advice concern- 
ing the choice of the most suitable material without 
very full and detailed information about the applica- 
tion. The means of fabrication, the other materials 
that will be assembled in connection with the ap- 
paratus, the minor impurities that may creep into 
the system, and many other factors affect the final 
life of the equipment to a degree that may vitiate 
judgment based only on composition. Attempt is 
made in the present paper to lay a foundation for 
the selection of a proper quality of stainless steel, 
based on a combination of laboratory tests and prac- 
tical results achieved in application. 

The corrosion-resistant stainless steels and irons 
are a rather recent development, but their growth 
has been quite remarkable and they are playing an 
ever-increasing role in industry. The steels were de- 
veloped practically simultaneously in England by 
Brearley, in Germany by Strauss, and in the United 
States by Haynes, Becket, Johnson, and others. Un- 
doubtedly, the credit for the first development should 
go to Brearley, since his type of stainless steel was 
the first to be put on the market in a commercial 
way. That the development was going on concur- 
rently in so many places, however, is an indication 
both that the need for such steels had arisen in the 
rapidly developing field of chemical engineering and 
that the materials required for their production had 
been developed to a satisfactory commercial state. 


CHROMIUM THE ESSENTIAL ALLOYING ELE- 
MENT OF STAINLESS STEELS 


It is significant that all of the stainless steels de- 
pend on the presence of chromium for their major 
corrosion-resistant properties and that to date no 
other element has been found which can be added to 
the steel in the same or lower proportions to achieve 
the same result. Fortunately, chromium is one of the 
most available and plentiful of the alloying elements 
and also is included in the group of lower-cost alloy- 
ing metals. 

Evans, in England, and others have shown that 
the corrosion resistance of chromium steels is un- 
doubtedly due to the formation of a thin, adherent, 


Steels and Irons 


continuous film of chromium oxide. If this film hy- 
pothesis is true, and certainly all of the results and 
experiences can well be explained by it, it follows 
that chromium steels will show the greatest corro- 
sion resistance under oxidizing conditions, that is, 
in situations where oxygen is available for produc- 
tion of the film. It follows further that the corrosion 
resistance will be reduced or completely eliminated 
in situations that enable the removal of this film by 
chemical solution or by combined abrasion and cor- 
rosion. Other elements may be added to the chro- 
mium steels either to improve their physical prop- 
erties or corrosion resistance, or for both purposes. 
It is perhaps logical to expect that the addition to 
the chromium steels of certain elements or metals 
which have a specific resistance to the nonoxidizing 
acids and chemical reagents would improve the re- 
sistance of the steel to the chemicals to which the 
addition agent itself is resistant. Molybdenum, for 
instance, is quite resistant to hydrochloric acid, and 
its addition to the stainless steels is very helpful for 
service where solutions containing very small 
amounts of hydrochloric acid must be handled. 
Nickel is quite resistant to some of the mineral acids 
and to many of the organic chemicals, and its addi- 
tion to the chromium steels increases their resistance 
to such corroding media. Copper is quite resistant to 
carbonic acid in mild concentrations; hence, its ad- 
dition to the chromium steels leads to better resist- 
ance to atmospheric and to certain other moderately 
weak acid conditions. This paper considers princi- 
pally the corrosion-resistant properties of the various 
grades of chromium steels and the role of addition 
agents in modifying these properties. 


PHYSICAL PROPERTIES OF STAINLESS STEELS 


In spite of the intentional emphasis in this paper 
on the purely corrosion-resistant phase of the stain- 
less steels, no mechanical engineer can start work 
without a knowledge of the physical properites of his 
materials; hence,- these must be: indicated. Table 1 
summarizes the usual information for the various 
grades of steel that will be discussed later from the 
corrosion point of view. It must be strongly empha- 
sized that the values given are only typical. Slight 
modifications of composition, variations of heat-treat- 
ment, and the effect of cold work among other things 
may vary the values over a range nearly as great 
as we are familiar with in carbon steels with little 
or no effect on the corrosion resistance. 

There is another reason also for injecting the ques- 
tion of physical properties. It will be noted that the 
values in the table are relatively high. Particular 
emphasis should be given to the peculiarly high 
ductility values that in many instances accompany 
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high yield point and ultimate strength. Ductility is of 
course an important element of safety in any struc- 
ture, especially one subjected to shock or complex 
stresses; hence, the stainless steels are well adapted 
to engineering construction. The high strength of 
the steels enables the use of high unit stresses and 
hence light sections. In fact, in many applications 
the use of a properly conservative high unit stress 
has resulted in such light sections that they could 
not have been considered because of the danger from 
rusting, were it not for the corrosion resistance of 
the chromium steels. Thus an entirely new and mod- 
ern type of construction is growing up, based on 
these steels, that is exceedingly light and yet per- 
manent because of the nonrusting characteristics. 
The possibilities involved in such construction are 
most stimulating to the engineer. Its development 
calls for the most thorough knowledge of elements 
of design and freedom from the constraint of prece- 
dent. The opportunity to use originality and sound 
judgment in the development of this type of con- 
struction is obvious; this period we are now enter- 
ing may well mark another major advance in en- 


gineering practice, of which the development of the 
steam engine and railroad building are examples, 


STAINLESS STEELS CLASSIFIED ON BASIS OF 
CHROMIUM CONTENT 


Reverting to the corrosion resistance, which is the 
unique property of the steels in which we are in- 
terested, we shall first classify them broadly and 
then discuss each class in greater detail. The first 
broad group includes the plain chromium steels. 
They may be roughly divided into classes contain- 
ing approximately, 1, 5, 8, 12, 18, 25 and 35 percent of 
chromium. The chemical resistance of the chromium 
steels is a direct but far from linear function of the 
chromium content of these steels. For instance, there 
is an abrupt change in the curve of resistance as we 
pass about 11 percent chromium, so that those steels 
containing 12 percent of the element are markedly 
superior to those of lesser content. Again, at about 
22 percent chromium there is another marked break 
in the curve, and steels containing in the neighbor- 
hood of 25 percent chromium are again markedly 
superior to those of lower content for many uses. 
This generalization is accurately true for resistance 
to strong oxidizing agents, such as nitric acid, prod- 
ucts of combustion, and many other analogous cor- 
roding media. However, the presence of other chem- 
icals or gases may distinctly modify the situation, 
so that extreme care should be taken to determine 
fully all of the conditions surrounding the use in 
applying the steels. 


STAINLESS STEELS CONTAINING NICKEL 


The next general group includes the chromium 
steels modified with nickel, of whch the so-called 
18-8 variety is best known. Nickel in this class of 
steels increases corrosion resistance against chemi- 
cal reagents which are only moderately oxidizing 
in character and atmospheres containing minute but 
important quantities of carbon dioxide, salt water, 
and sulphur dioxide. For example, the plain chromi- 
um steels are quite readily attacked by a 10 percent 
oxalic-acid solution, whereas a chromium-nickel steel 
of the 25 percent chromium-20 percent nickel variety 
is so slightly attacked by this acid that it may be 
called completely resistant. Concentrated lactic acid 
attacks plain chromium steel but not the 18 per- 
cent chromium-8 percent nickel analysis. In this 
broad classification of chromium-nickel steels there 

















TABLE 1 
Typical Physical Properties of Various Annealed Corrosion-Resistant Steels 
Yield Ultimate Creep 
Anaylsis, Percent Point, Strength, Elongation Reduction Strength 
——_—.- $$ ——_______,_____—_—__,—_———_—_|_ 1000 lb. 1000 Ib. In 2 in., of Area Erichsen, at 700 C, 1000 
Cr : Ni Mo Other per sq. in. per sq. in. Percent Percent mm Ib. per sq. in. 
= | ie 4 yn j 
1 | 0.10 | aes | Mes « Si 60 75 25 60 
As lled | ¥ 
5 | 0.10 pe a . vas | 0.5 aoe 65 85 30 75 
13* 0.10 wees vies 40 75 30 60 7.5 
18t 0.10 | | shih Sse 50 80 25 45 8 
18 0.15 | 2 140 175 15 50 ae 
(Heat-treated) 
18f 0.10 — Te hd 8 Mn 50 100 45 55 11 
1 Cu 
18t 0.08 8 Ce et 40 85 60 60 13 4 
ist «=| 0S (8tsé*diK 4a Be Cu 40 85 60 60 12 8 
25 0.20 | re shes ee 50 80 25 45 0.8 
25 0.20 12 | eer 50 100 55 55 5 
25 0.20 | 20 «CO PP 2S | 50 100 50 55 5.2 
} 























*Frequently used in heat-treated condition with much higher yield point and ultimate strength. 


{Frequently used in cold-rolled condition with much higher yield point and 
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tFrequently used in cold-rolled condition with yield point of 150,000 Ib. per sq. in., ultimate strength of 180,000 and elongation of 10 percent. 


ultimate strength. 
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is a large number of widely used commercial varie- 
ties. Chromium may range from approximately 10 to 
30 percent and the nickel from 8 to 35 percent. In 
general, the greater the total alloy content, the great- 
er the resistance to some types of corrosion, but the 
choice cf higher nickel or higher chromium content 
depends on the specific conditions of service. Thus, if 
the conditions lean toward the oxidizing side, chrom- 
ium should be well in excess of nickel. Illustrations 
are the popular 18-8 and 25-12, where the first figure 
in each instance indicates the chromium content. 
Where conditions are highly reducing, as for ex- 
ample, sulphurous acid under pressure at elevated 
temperatures, nickel should exceed the chromium. 


CHROMIUM-MANGANESE STEELS 

The chromium-manganese steels typified by the 18 
percent chromium-8 percent manganese variety is 
the next broad group. In general, manganese in this 
group of steels plays a role similar to that of nickel 
in the chromium-nickel steels. Metallurgically, it per- 
forms identically the same function and, chemically, 
it confers properties that differ from those of the 
chromium-nickel variety of steels, as might be ex- 
pected, from its own properties. It is less effective 
against certain media and more effective against 
others. For example, where sulphurous gases are in- 
volved or where hydrogen sulphide or similar re- 
ducing acids are present in solution, manganese af- 
fords greater protection than nickel. On the other 
hand, where chlorides and certain organic acids must 
be resisted, nickel confers properties superior to 
those conferred by the manganese. 


OTHER ALLOYING ELEMENTS 


So much for the broad groups. All are modified 
as to their chemical resistance, physical properties, 
or fabricating characteristics by additions such as 
molybdenum, tungsten, vanadium, copper, silicon, 
aluminum, titanium, columbium, nitrogen, zirconium 
sulphide, selenium, and others either singly or in 
combination. Molybdenum, tungsten, and vanadium 
are used particularly to increase the mechanical 
properties, more especially strength at high tem- 
perature. Molybdenum is also something of a spe- 
cific against corroding media containing chlorides 
and sulphites. Copper is quite widely used in many 
varieties of stainless steel to tone up generally their 
corrosion resistance, particularly against carbonic 
acid and other weak organic acids. Silicon and alu- 
minum not only affect physical properties, but are 
particularly useful where high temperatures and the 
corrosive action of products of combustion must be 
met. Titanium and columbium increase the general 
corrosion resistance in that they liberate chromium 
from carbides, thus increasing the effective chromi- 
um content. In addition, columbium in particular 
markedly affects physical properties, such as ductil- 
ity and deep drawing, and is exceedingly beneficial 
where the steels are to be used at high temperature 
or where fabrication will be by welding. Nitrogen 
increases the yield point without proportionately in- 
creasing brittleness, and materially affects grain size, 
with a resultant improvement in shock resistance 
and other physical properties. Zirconium sulphide 
and selenium are added to confer free-machining 
properties to the steel where it is intended to be fab- 
ricated into bolts and other parts requiring a large 
amount of machine work. 


Next let us describe somewhat more specifically 
the sub-division of the broad groups. 


CHROMIUM STEELS 


The 1 percent chromium steels, with or without 
additions of copper, silicon, or phosphorus, are in 
no sense to be considered as stainless. However, the 
rate of corrosion of this class of steels under most at- 
mospheric conditions is definitely lowered, so that 
the life of structures produced from them is increased 
an appreciable degree. Moreover, the slower rate of 
corrosion enables the designing engineer to take 
full advantage of the increased strength of this class 
of steel. 

The 4 to 6 percent chromium steels show still 
further reduction in the rate of corrosion under at- 
mospheric conditions and are quite resistant to crude 
oil and distillates at the moderately elevated tem- 
peratures encountered in oil cracking. These steels, 
with low carbon content, are widely used as tubes, 
valves, and fittings in the oil industry. With some- 
what higher carbon content, a fair degree of abra- 
sion resistance is added to the corrosion resistance, 
and the steels find application in dredge parts and 
the like. This class of steel is markedly improved 
by the addition of molybdenum or tungsten. The 
general corrosion resistance is somewhat increased, 
but in particular the strength at high temperatures 
is augmented and the rate of creep reduced. Colum- 
bium increases the corrosion resistance of these 
steels by taking unto itself all of the carbon present 
and for the same reason greatly reduces the air- 
hardening properties so as to make much easier fab- 
rication where the work must be done hot. 

The very special group of steels containing ap- 
proximately 8 percent of chromium, with several per- 
cent of silicon, with or without aluminum, has found 
wide use as valve steels against combustion gases. 
Their use in automotive and airplane engines is un- 
doubtedly quite familiar. They are similarly used 
in many other applications and, although the ton- 
nage is not large, are a very important element 
in modern engineering design. 

At 12 percent chromium we first arrive at an 
analysis which can be considered stainless in the very 
general and common meaning of the term. The steels 
in this class are readily fabricated, although as is the 
case with practically all of the steels under discus- 
sion in this paper, and in particular the straight 
chromium steels, more care and knowledge are re- 
quired in their welding than are necessary for the 
ordinary plain low-carbon steels. They are resistant 
to general corrosion to a large extent, but require 
protection if a bright mirror surface is to be pre- 
served. They are resistant to acids such as weak 
phosphoric, boric, and many of the inorganic acids, 
as well as alkalies and alkaline salts. 

The 15 and, in particular, the 18 percent low-car- 
bon chromium steels have much better resistance to 
atmospheric conditions, and for this reason are rec- 
ommended where, as in much interior architectural 
work, a bright surface is desired. They find exten- 
sive application in chemical-plant construction, espe- 
cially in that for manufacturing or using nitric acid. 
With increased carbon content the 15 to 18 percent 
chromium steels are commonly known to most of us 
as cutlery. In the heat-treated and polished condi- 
tion they are resistant to various fruit and vegetable 

acids; hence widely used in households and restau- 
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rants. Another variety of the 18 percent chromium 
steel, containing 1 or 2 percent of nickel, may be 
heat-treated to a very high strength and is the stand- 
ard steel for British aircraft, under their famous 
specification S-80. In the heat-treated condition the 
steel is quite free from general corrosion as well as 
pitting under normal aircraft service. This class of 
steels is often modified to advantage by additions of 
copper, silicon, nitrogen, or columbium, the effects 
of these various elements being those that have been 
previously described in this article. 

The 25 percent chromium steels not only have im- 
proved general corrosion resistance, but also are. ex- 
ceedingly resistant to oxidation at elevated tem- 
peratures. While not the most easily fabricated of the 
stainless steels, they are regularly produced in the 
common forms of sheet and tubing. They find wide 
service in the handling of superheated steam and 
food products, and, in particular, as furnace muffles, 
annealing boxes, and similar applications where tem- 
peratures are lower than about 900°C. The addition 
of nitrogen, especially in the presence of a small 
amount of nickel, to this analysis definitely refines 
the grain, improves its shock resistance, and materi- 
ally reduces the rate of grain growth at high tem- 
perature, which is one of the properties that must 
be watched in a truly ferritic steel of this type. 


18-8 CHROMIUM-MANGANESE STEELS 


Passing from the plain chromium steels, the next 
in order of increasing corrosion resistance is the 18 
percent chromium-8 percent manganese variety. 
These steels are definitely more corrosion resistant 
than the straight 18 percent chromium variety. Usu- 
ally they carry approximately 1 percent of copper, 
and this analysis is the equal of the 18 percent chro- 
mium-8 percent nickel variety in many applications 
where hot gases involving hydrogen sulphide and 
sulphur dioxide are present. In some other types of 
corrosion, such as that encountered in certain min- 
eral waters and solutions containing sulphites, the 





performance of this steel is definitely better than 
that of the 18 percent chromium-8 percent nickel 
variety. Tests in moist air at 92 percent humidity 
proved this steel eminently suited to such service. 
The resistance to fruit juices is particularly good. 
The strength at high temperature of these chro- 
mium-manganese steels is somewhat less than that 
of the chromium-nickel. While a disadvantage in 
some uses, this property is a distinct advantage in 
the manufacture of the steel, since it means greater 
ease of rolling. Moreover, the deoxidizing and cleans- 
ing action of the manganese during the process of 
manufacture is very helpful in holding non-metallic 
inclusions to a minimum, which is especially impor- 
tant in the high-quality stainless steels. 


18-8 CHROMIUM-NICKEL STEELS 


The 18 percent chromium-8 percent nickel steels 
represent by far the most popular of all the stainless 
varieties. This deserving popularity results from a 
combination of great general corrosion resistance 
and remarkable physical properties. These steels are 
readily rolled, so that they may be obtained in all of 
the usual forms in which rolled steel is supplied, 
fabricate without difficulty, and, when the carbon is 
adequately combined with columbium or titanium 
present no difficulties in welding. Their ductility is 
very high, allowing deep-drawing operations to be 
performed with ease. They readily cold-work, thus 
making it possible to obtain a very high yield point 
and ultimate strength without proportionate loss of 
ductility. Not only are the 18-8 chromium-nickel 
steels resistant to practically all of the media to 
which straight 18 percent chromium steels are re- 
sistant, but in addition show excellent resistance to 
boiling lactic and phosphoric acids in low concen- 
trations and to high concentrations of oxalic acids 
and many other organic materials. 

This class of steels is used widely, in addition to 
those places where corrosion resistance is the prime 
requisite, in many places where strength and per- 




















TABLE 2 
Pure Media and Conditions for Practically Complete Corrosion Resistance of 
< Various Low-Carbon Stainless Steels 
Percentage of Alloying Elements 
| Conc, | Temp., 13 18 25 Cr-Mn-Cu Cr-Ni Cr-Ni Cr-Ni-Mo-Cu 
Media | Percent | Cc Cr Cr Cr 18-8-1 18-8 25-20 18-8-2.5-1.5 

MP ce Ie « Shah. slo. tach. Ue Ra acne ak ae | 10 20 CO x x x x x x x 
SA Ee iy amer e aee Se eas See 10 a x x x x x x x 
RE ee nce ty one ee ey 10 20 x x x x x x x 
IS odd ek wg 8's aiack «ha RS 4d aes aoa isl 10—50 | 20 x x x x x x x 
RES eres © pee eee erate | Glacial | 20 = x x x x x x 
DE dsc aa age okt taaca coe ca eke 10 100 x x x | x x x x 
RMN 655 hidds:sp deginpanceendetaes wees 10 100 x x = x x x x 
Re Se Ree ee ere eee ee | 10 100 x x ‘ x x x x 
CRM ( &..<2 2, hp Sabin kde ee weieraeneeaa 25 100 x 3 = x x x x 
DE ooh Se th sf ae hk eee eae 50 100 x x x x x x x 
Nn Bawa acs CG inka Dk Sie eee eS Boe Sat. 100 x x x x x x x 
MN i ot dat scndpecdaew Naaha ocaeeEeeOoEs | 1.2 d. 20 x x x x x x x 
OER Le Sa 5 eset ou ES gala ccc cee a Oe | 30 20 roe x x x x x x 
MMOS 55.5 ac. t ia sls egites's 0 byacias Salary reed Sees 30 20 x x x x x x 
NS Ios ic oy eae nats are ahceeeete 10 20 x x x x x x 
A Ee eR | ARTA aN | Sat. 100 x x x x x x 
ON Tsitcu ik Gaaline $e ARE R ek | General | oe x x x x x x 
RN ROR Oa Ae e Under 900 x x etd eid ee ae 
BO Liao ts chaebol ek aeees 10 100 x x x x x x 
BOM hs aia Ness ddan ap ianaama CeaeS Conc. 20 x x x x x x 
OWN 6 sos 6b bisis Cacassratels Situ aee and | Above 900 Kas x a ae SR eat 
co ee GR arte rae cane a etre neh eae ar ee Under 900 x x eee Rigatoni eo 
ee WEN oe id ooh whe cole h came een wate 20 x poy SE Contig ae 
Sulphur-compound gases. ...........-.0008 Under 900 x x a ean Wie ee PS 
OT IN ROE ES eS ea, eM eA Py: mate x x x x 
CT GN nS aah acc bd 28 ack awee Ds (S) 20 x is OED free ce mye 
TESS PR ROR Re RT ee TN Seneca | ye 100 x x x 

RCD in cee al Saydarkaae Rea oRO Ree aN 10 } 20 x x x x 
Re ae eee er on teen 4" BE fr 20 ad  ipeeree Pa pal hoo 
Furnace gases (reducing) heres? 1 Fae 950 x 
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manence are the chief requirements. Thus, many 
strength- and pressure-resistant members in the 
chemical industry are made from this steel. Many 
trucks travel our roads with increased load-carrying 
capacity because of the use of this type of steel. A 
number of the epoch-making light-weight trains that 
are creating so much interest on the railroads are 
of very highly specialized design made possible by 
this class of steel. In this category aircraft and many 
other elements in the transportation industry could 
be included if space permitted. They are used widely 
for decorative purposes, in addition to fulfilling a 
large number of miscellaneous applications, from 
cooking pots to marine hardware. 

There are numerous modifications of the common 
18 percent chromium-8 percent nickel analysis, mo- 
lybdenum perhaps being the most frequent. Copper 
is often found in the commercial grades of this 
analysis; titanium and columbium are widely used 
to stabilize it for use at high temperature, and many 
other modifications have been made to adapt it to 
particular uses. Where service is more severe, this 
analysis is improved by simple increase of both chro- 
mium and nickel, a common and useful analysis be- 
ing 25 percent chromium-12 percent nickel. 


STEEL WITH HIGH ALLOY CONTENT 


The list of steels of higher alloy content suited to 
special performances is so long as to prohibit com- 
prehensive description. Such analysis as 25 percent 
chromium-20 percent nickel, 30 percent chromium- 
25 percent nickel, 25 percent nickel-15 percent chro- 
mium, 35 percent nickel-18 percent chromium, are 
common, and all of these compositions are modified 
on occasion, usually with the elements that have 
already been described and with results that could 
be predicted on the basis of earlier explanations of 
the functions of these metals. While relatively ex- 
pensive, this group of steels finds application where 
chemical attack is particularly severe or very high 
temperatures encountered. For example, they are 
widely used in the form of carburizing and anneal- 
ing boxes and furnace parts at temperatures in ex- 
cess of 850 C. Special parts for handling super- 
heated steam at high pressure and temperature, such 








A Dubbs selective cracking 
unit in the Mid-Continent. 








as valves and fittings, are 
often made from composi- 
tions in this category. 

Perhaps special attention 
should be given to that 
modification of the 18 per- 
cent chromium -8 percent 
nickel, or 25 percent chromium-12 percent nickel 
which contains molybdenum, copper, and columbium. 
When so modified, the steels have a noticeably in- 
creased general corrosion resistance but, in particu- 
lar, seem to be much more resistant to the pitting 
type of corrosion, where sea water, minute quan- 
tities of hydrochloric acid, high concentrations of 
lactic acid, and such special compounds as aluminum 
sulphate or zinc chloride are present in boiling so- 
lution. While somewhat new in the field of stainless 
steels, this modified variety of 18-8 is likely to find 
an exceedingly wide use. 


RESISTANCE TO SPECIFIC MEDIA 


It will be recognized from the foregoing that there 
is no stainless steel resistant to all corrosion media, 
and that the corrosion resistance of a given steel to 
a given application can only be predicted if all of the 
factors involved in the fabrication, assembly, and 
maintenance of the equipment are known, in addi- 
tion to the details of the corroding media and the 
way they change in the processes involved. Table 2 
is based largely on laboratory experiments performed 
in all parts of the world as they have been confirmed 
by experience with actual plant installations. The 
author has attempted to cull the data, giving only 
that which in the opinion of the majority is definite- 
ly reliable. 

It will readily be noted that the data follow the 
form of a triangle, which results naturally from the 
fact previously mentioned—that increased alloy con- 
tent tends toward increased corrosion resistance. 
The choice of the steel for a given application de- 
pends on corrosion resistance, physical properties, 
ease of fabrication, and cost. Corrosion resistance 1S 
only one factor. In some cases it may be the pre- 
dominating factor, but in most instances a decision 
can only be made after a study of all the factors and 
conclusions arrived at by the balancing and weigh- 
ing of these factors by engineers of experience and 
jetgeneet. 


Contributed to the Symposium on Corrosion-Resistant Metals in Design 
of Machinery and Equipment by the Iron and Steel Division for presen 
tation at the Annual Meeting, New York, N. Y., of THE AMERICAN SO 
CIETY OF MECHANICAL ENGINEERS. Republished here through the courtesy 
of the society and its journal, Mechanical Engineering. 
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great in number, and even more 
in diversity of application, that only 
brief mention will be made here of 
the steels of low alloy content. 
Plain carbon steel was naturally 
the first to be used in welded pressure 
vessels, and in the absence of corro- 
sion and too high or too low tempera- 
tures has proved satisfactory. Aside 
from severe corrosion (which may 
enforce high-alloy-content metals not 
always in the class of steels) as pres- 
sure and temperature are increased 
or temperature is dropped much be- 
low 0 deg. F., low-alloy additions 
must be resorted to; chromium- 
vanadium and manganese - vana- 
dium steels are both applicable to 
these requirements. Under the 
chromium-vanadium classification, 
both SAE 6115 and 6125 steels are 
recommended, and many vessels 


sont in the oil refinery are so 
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ties of the weld and adjacent metal 
at times exceed those of the parent 
metal is fine evidence of the weld- 
ing technique of today. 

Not only -welded vessels have 
been employed in _ high-pressure 
service. Large numbers of forged 
vessels also are in use, and in 
many cases have been produced in 
vanadium steels; some are carbon- 
vanadium, some chromium-vana- 
dium, and a few chromium-molyb- 
denum-vanadium steels. The use 
of these compositions has been dic- 
tated in part by their properties 
at room temperature after simple 
heat treatments; in smaller part by 
their properties at elevated tem- 
peratures; and in large part by 
the advantages offered in reduc- 
tion of steel-making difficulties, 
improved response to heat treat- 
ment, and other fabricating qual- 





for service at moderately elevated 
temperatures have been manufactured of these com- 
positions; the lower-carbon steel is generally held 
to a_75,000-lb.-per-sq.-in. minimum-tensile-strength 
specification, while the higher-carbon steel will pull 
approximately 90,000 lb! per sq. in., or around 15,- 
000 Ib. per sq. in. more than the other grade. The manga- 
nese-vanadium steel is of the same composition as the 
low-carbon type mentioned in Table 7 for sucker rods, 
and is specified on a minimum 80,000-Ib.-per-sq.-in. ten- 
sile strength in the hot-rolled condition. Where very low 
temperatures are involved, the last-mentioned steel is 
preferable, in that better impact properties are retained 
more uniformly at sub-zero temperatures ; loss of shock 
properties at high temperatures is seldom of great mag- 
nitude. Flanged heads are generally normalized prior to 
assembly, and welded vessels are given at least a stress- 
relieving treatment on completion. For the actual fusion 
welding of these several steels, which is usually per- 
formed by the arc method, a heavily-coated alloy-steel 
rod is necessary to equal the strength of the plate, un- 
less an over-fill is allowed. The alloy-steel deposit has 
the further advantage of higher impact resistance than 
deposits of carbon steel; a manganese-vanadium-steel 
weld, for example, tested 58 ft-lb. Izod impact in the 
weld metal, 114 ft-lb. in the junction zone, and 109 ft-lb. 
in the plate or parent metal. The fact that shock proper- 

*The accompanying discussion is an abstract from a paper with title 
as above, presented by the authors before the Division of Production, 


17th annual meeting of the ‘American Petroleum Institute. That portion 
reprinted here deals only with steels for refinery service. 
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ities of great importance in the 
manipulation of large masses of steel. 

Return bends are generally castings and, to a great 
extent, are made of 4 to 6 percent chromium steel with 
molybdenum. Some forgings are made for this purpose ; 
and these, as a rule, contain vanadium (0.10 to 0.20) 
along with the other elements. Creep strength, aside 
from corrosion, is a vital detail in all high-temperature 
applications. The alloying combinations are seldom 
dictated by either corrosion or creep strength separ- 
ately ; generally, these two features must be recognized 
simultaneously. Without going to high-alloy contents, 
the best corrosion and oxidation resistance is found 
with 4 to 6 percent chromium steel; but even a little 
more than 1 percent chromium accomplishes much in 
this direction compared to simple carbon steel. But high 
temperatures introduce other details which must be 
faced; structural stability at elevated temperatures is 
vital in the life history of an article, and the plain 
chromium steels are subjected to brittleness from slow 
cooling. Molybdenum practically overcomes this condi- 
tion, while vanadium and titanium contribute in this 
same direction because of the marked stability of their 
carbides. The creep resistance of chromium steels is en- 
hanced by tungsten, molybdenum, and vanadium. A steel 
analyzing approximately 0.20 percent carbon, 4.50 per- 
cent chromium, 0.50 percent molybdenum, and 0.15 per- 
cent vanadium, which has been applied for high-tem- 
perature service in the chemical industry of recent 
years, is worthy of consideration in the oil refinery. 


While mud pumps have been commented on with ref- 
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erence to the various steels discussed earlier, pumps in 
the refinery may call for low-temperature or high-tem- 
perature requirements, as well as pressure and corro- 
sion. Parts such as liners, casings, and impellers are 
frequently cast iron. Where pressures are involved, a 
fine-grained iron is essential; and, as already mentioned, 
a small addition (0.10 to 0.15 percent) vanadium is very 
effective in this direction, frequently used in conjunction 
with other alloying elements as shown in Table 3. The 
alloy irons, with their greater strength and density than 
the simple base iron, retain to a large degree the good 
machinability of the plain iron. And, of course, the 
alloy irons will readily respond to heat treatment, which 
is of particular importance when wear is a major factor. 
Above 450 deg. F. the use of cast iron is greatly re- 
stricted, and higher-alloy combinations are necessary. 
For piston rods, shafts, etc., carburized steels are used 
to some extent, but oil-hardened steels of 0.40 to 0.45 
percent carbon of the SAE 6100 series are more com- 
mon. These latter steels are usually hardened to about 
300 to 350 Brinell. (Table 4 may be referred to again.) 
For more severe rod-wear service, chromium-molyb- 
denum-vanadium and_nickel-chromium-molybdenum- 
vanadium steels have been applied. Nitriding has also 
been practiced; and a steel which is gaining consider- 
able ground in the nitriding field, both cast and wrought, 





analyzes approximately 0.15 percent carbon, 2.5 percent 
chromium, 0.50 percent molybdenum, and 0.25 percent 
vanadium. This steel will develop a nitrided hardness 
of approximately 900 Vickers-Brinell, and the penetra- 
tion is superior to that of the earlier aluminum-chrom- 
ium-molybdenum steel. Further, the tensile strength of 
the core is well in excess of 150,000 Ib. per sq. in., 
combined with excellent yield point, ductility, and im- 
pact properties. In certain applications it is sometimes 
feasible to build up worn or corroded parts by means 
of a metal spray. Steel castings applicable for pumps, 
except where high-alloy contents are dictated by the 
operating conditions, have been given attention earlier in 
the paper, and Table 2 lists some typical properties. 

Without valves, these various operations could not 
be successful ; and corrosion is frequently a severe prob- 
lem. Where high-alloy steels, however, are not required, 
considerable SAE 1025 plain carbon steel is used; but, 
since machinability is so often a feature of considerable 
importance, greater uniformity of material is desirable. 
Vanadium steels possess a uniformly fine grain size, and 
insure ready machinabiilty. Carbon-vanadium, manga- 
nese-vanadium, and chromium-vanadium steels are all 
well adapted to such service requirements; references 
have already been made to the preferred type where low 
temperatures or moderately elevated temperatures are 
involved. 





White Eagle Division, Socony-Vacuum Oil Company refinery at Augusta, Kansas. 
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Cast Iron in Chemical 


quipment | 


H. L. MAXWELL*#* 


E. I. Du Pont de Nemours & Company 
Wilmington, Delaware 


AST IRON has been used in 

chemical-process equipment in 
large tonnages over a longer pe- 
riod of time than any other ma- 
terial of construction, with the 
possible exception of wrought iron. 
Its ready availability (cast iron 
foundries are found everywhere) 
and its low cost (3% to 6 cents per 
pound) present the two main rea- 
sons for its use in general machin- 
ery and chemical equipment. 


Until about 15 years ago, cast 
iron was considered a low-strength 
material of rather indefinite qual- 
ity. During the last two decades 
cast iron has been made the sub- 
ject of many studies. Its quality 
has been improved by refinements 
in foundry practice, by alteration 
of the basic ratios of carbon and 
silicon, and, more recently, by the 
addition of alloying elements, such as nickel, chro- 
mum, molybdenum, and copper. Cast iron in its 
various modified forms has been widely used in 
chemical manufacturing equipment, and its further 
application in new processes depends only upon the 
Tecognition of properties it is possible to develop by 
the use of alloying elements. 

The present paper will review the ways in which 
older types of cast iron have been used in chemical- 
Process equipment, and how, following failure in 
Service, some of the compositions have been im- 
proved to provide materials of construction for 
€quipment in which chemical products meeting all 
requirements as to quality have been produced at 
telatively low cost. 


GRAY CAST IRON 


The term “gray cast iron” covers a wide latitude 


. 


“Contributed to the Symposium on Corrosion-Resistant Metals in the 
esign of Machinery and Equipment by the Iron and Steel Division 
ot presentation at the annual meeting, New York, N. Y., of the 
‘ erican Society of Mechanical Engineers. Republished here through 
bry “stead of the society and its Journal, Mechanical Engineering. 
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"Based, in part, upon the paper presented by the American Institute 
vy Chemical Engineers to the Chemical Engineering Congress of the 
orld Power Conference, held in London, England, June 22-27, 1936, 
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of compositions, of which the fol- 
lowing composition ranges may be 
taken as typical: 


Total carbon, percent... 2.6 -3.70 
Silicon, percent ........ 0.75-2.80 
Manganese, percent .... 0.60-0.90 
Phosphorus, percent 0.60 max. 
Sulphur, percent ....... 0.04-0.1 


Unfortunately, this wide range 
of composition is still typical of 
some of the specifications laid 
down to foundries manufacturing 
cast-iron equipment. 

A recognized disadvantage of 
ordinary coarse-grained cast iron, 
particularly when it is exposed to 
corrosive chemicals, is that the 
large areas of graphite permit an 
infiltration of the corrosive constit- 
uents into the body of the casting 
and thereby contribute to early 
failure. A striking example of this 
type of failure was found in cast-iron hearths of a 
Herreshoff furnace used to calcine a paste of spent 
lime and adsorbed caustic. Two reactions had taken 
place: (1) The caustic had gained access through the 
coarse graphite flakes to approximately 30 percent 
of the thickness of the hearth casting, causing crack- 
ing, and (2) the entire surface of the metal had been 
attacked, owing to the action of free caustic on the 
silicon in the cast iron. 

Destructive attack of this kind can be reduced by 
lowering the silicon content to a point where there is 
just sufficient silicon to graphitize the excess carbide 
and leave an eutectoid matrix of lamellar pearlite. Cast 
iron with this type of microstructure shows a twofold 
improvement; the graphite is more finely divided and 
hence more resistant to chemical attack, and the matrix 
has not only higher strength but is more nearly con- 
tinuous as well. 

This type of deterioration, as a result of caustic attack, 
can be avoided or at least greatly reduced by the use 
of one or two classes of materials now being success- 
fully used in such applications. One of these is Lyncast 
low-silicon cast iron, of which the composition is ap- 
proximately : Carbon 3.45, silicon 0.75, manganese 0.30, 
phosphorous 0.10, and sulphur 0.08 percent. The in- 
creased resistance of this material to caustic and related 
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chemical attack is due largely to the lower silicon con- 
tent as compared to ordinary cast iron. By virtue of the 
low silicon content, the metal is fine-grained and less 
pervious to the infiltration of caustic or chemical salts. 


LOW-ALLOY CAST IRON 


Low-alloy cast irons, widely used for caustic service, 
may be either a straight nickel cast iron or a chrome- 
nickel iron of low silicon content, the former being 
usually preferred. Compositions recommended by the 
International Nickel Company are as follows: 


1 2 
ee | ree 3.50 3.30 
iS MON. kes eccesbewee 0.50 0.70 
UN NONI oc cece ct can cc oe es 2.00 1.50 
Cmeomuum, percent .............. 0-0.30 0.60 
Manganese, percent .............. 0.50 0.50 


A particular application where a low-alloy cast-iron 
composition, selected because of its low growth, showed 
definite economic advantage over ordinary cast iron, 
may be of interest. Autoclave inserts, 11 feet 4 inches 
by 3 feet 9 inches and 11/ inches thick, weighing 6700 
pounds, were made of ordinary gray cast iron and op- 
erated at 720° F. The early failure of these parts 
prompted a study of the problem to determine a more 
economical material of construction. The condition and 
nature of the metal failures indicated that the fractures 
resulted from the combined effect of expansion or 
growth, and also from coarseness of structure in the 
metal wall. The relatively large weight of the insert and 
also the conditions of corrosion eliminated high-alloy 
materials, such as stainless steel, from consideration on 
account of cost. The best probability lay in the use of 
high-quality low-alloy cast iron, and the following com- 
position was recommended: Carbon 3.20-3.40, silicon 
1.00-1.25, nickel 1.00-1.25, chromium 0.40-0.50, sulphur 


0.08 (max), phosphorus 0.25 (max), and manganese 


0.80 percent. 

It will be noted in the foregoing analysis that the 
percentage of nickel is roughly 2% to 3 times the per- 
centage of chromium and, further, that since the silicon 
and nickel are both graphitizing in effect, the silicon is 
lowered from the normal as far as possible. The pur- 
pose of this is to equalize the two opposing reactions 
affecting the stability of the combined carbon. Frequent- 
ly, silicon may be reduced in the absence of chromium 
by an amount approximately equal to half of the nickel 
added, and greater thermal stability may be expected 
owing to the greater solubility for carbon that nickel 
possesses and that is accompanied by an inherent re- 
sistance to oxidation. 

in following these castings through the foundry it 
was found desirable to add 25 percent of heavy steel 
scrap in order to bring the silicon and sulphur of the 
pig iron within the proper limits for alloy conditions. 

The low-alloy cast-iron vessels have now been in 
service approximately two years and have shown im- 
provement in operating life. The initial cost of the low- 
alloy iron was 4.5 cents per pound as compared with 
3.75 cents for the plain cast iron formerly used. This 


20 percent increase in first cost is too frequently the‘ 


reason why alloy iron is not used. The increase in cost 
is small as compared with the savings gained from 
longer life of the equipment in the present instance, 
where the life increases by a ratio six to one. After 
debiting the increase in first cost of the low-alloy cast- 
ings, the maintenance has been reduced from $1070 to 
$225 per unit per year through the use of low-alloy cast 
iron. 

An example of growth in ordinary cast iron was re- 
cently noted in steam turbines which had been operated 


satisfactorily for 10 to 12 years. Later the operating 
conditions were altered so that the pressure was 170 
pounds per square inch and the operating temperature 
approximately 500° F. Following this change it was 
found that the cast iron was growing at the rate of 
0.017-inch per year. The use of an alloy cast iron in the 
original body castings would have eliminated this dif- 
ficulty. Cast steel was, as a matter of safety, used in 
the replacements. 


WEAR-RESISTANT CAST IRON 


Cast iron of another kind is required for use in chem- 
ical-manufacturing equipment in which the metal is 
exposed to abrasive wear. The pearlitic cast irons de- 
scribed earlier will wear down to a smooth surface, 
which, on account of the large amount of graphite and 
the absence of free carbide, will take a lubricant effec- 
tively and develop a wear-resistant surface that will be 
maintained through years of service. This is the type 
of wear encountered in cast-iron piston rings and the 
cylinder blocks of automotive engines. Here the wear 
resistance may be improved by the addition of nickel 
and chromium, metals which improve such physical 
qualities as soundness, and at the same time result in 
better distribution and size of the graphite flakes which 
are so essential to securing the longest service from 
lubricated moving parts. This type of wear is distinct 
from the abrasive wear which is met within chemical 
equipment, such as grinding mills, agitators, bucket 
elevators, and hoppers. 

For applications where resistance to abrasion is an 
important factor, hard cast irons are extremely useful. 
Though it is generally recognized that a pearlitic iron 
is more resistant to wear than a ferritic iron, it is neces- 
sary to obtain a harder material before severe abrasion 
can be met without difficulty. Hardness does not vary 
directly with resistance to abrasion ; however, increased 
hardness in cast iron results in greatly improved per- 
formance in applications involving severe wear. Alloy 
cast irons have been developed which, while showing 
sufficient resistance to shock for ordinary service, have 
a hardness ranging upward to 700 Brinell and a tensile 
strength of 55,000 to 80,000 pounds per square inch (de- 
pending upon carbon content), which is 55 to 65 percent 
greater than the tensile strength of white cast iron with- 
out alloy additions. Two martensitic cast irons of this 
class are Ni-Hard and Diamite. The composition of Ni- 
Hard lies within the following range: 

EN UNE 5663) ea Sls Siw ahd hee 2.75-3.6 
MMM COMES 65s Scene icy alba Gucce BSL SERA 4.40-4.6 
SS, eee etree: 1.40-1.6 
0.50-1.5 
0.20-0.7 


PC, Es ar cic a he hob wae ee 
MEem@eGrae. erOeRE o.oo cc os Fan ue 


These alloys have found wide use in applications 
such as pump casings, machinery for handling ashes 
or sand, ash-sluice liners, dredging equipment, grind- 
ing disks, and conveyor screw flights, and have re- 
placed white cast iron in many instances. 

It may be understood from the foregoing that in 
the majority of cases where severe abrasive wear 1S 
encountered it would be economical to make the 
alloy additions in the foundry at the necessary added 
cost. It should not be forgotten, however, that cool- 
ing rates in the foundry may develop sufficient hard- 
ness in castings for service in certain chemical equip- 
ment, and that it would not be economical to pay 
for the addition of chromium and nickel. 

There are also certain applications in chemical 
equipment where a cast metal must be resistant to 
abrasion and corrosion at elevated temperatures. 
Equipment for roasting sulphide ores, including 
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hearths and agitator devices to keep the ore bed 
mixed and in contact with oxidizing atmospheres, 
are of this type. Alloy cast iron containing 2 percent 
nickel and up to 0.75 percent chromium have been 
used, as have been also cast irons of higher hardness 
and scale resistance, as, for instance, iron castings 
containing 4 to 5 percent silicon and 2 percent chro- 
mium. This latter material is quite resistant to scal- 
ing in sulphurous atmospheres. It is, however, not 
resistant to shock, and frequently breaks if used in 
moving furnace parts. In some equipment applica- 
tions in which sulphurous atmospheres at tempera- 
tures of 900° C. (1652° F) are evolved, it is econom- 
ical to employ higher-alloy materials. A 25 to 28 
percent chromium with or without 3 percent nickel 
and carbon at about 1 percent have been used where 
severe abrasion is encountered at high temperatures 
but where there is no severe shock. If shock is pres- 
ent, the chromium and nickel would remain the same 
and the carbon be lowered to 0.40 percent in order 
to increase shock resistance. Although this latter 
metal is in the strictest sense not a cast iron, it fills 
out the range of abrasion and heat-resistant metals 
for service in borderline applications where cast iron 
may not be economical. 

For purposes not requiring such a high degree of 
resistance to wear, straight chromium additions up 
to 1.0 to 1.5 percent, or low nickel-chromium addi- 
tions in which the nickel-chromium ratio may be re- 
duced to as low as % to 1 in special cases, together 
with balanced variations in silicon, are frequently 
helpful. Nickel, when present alone, tends to combine 
with and harden the pearlite matrix, which, as the 
nickel is increased to 3.0 percent, is transformed into 
sorbite, and even to martensite with amounts above 
5.0 percent. Free carbide is reduced or eliminated at 
the same time. Molybdenum additions up to 1.5 per- 
cent are beneficial. A test was made in which 30 
gear blanks were prepared under identical conditions ; 
15 of regular cast iron and 15 of the same iron with 
0.67 percent molybdenum. The Brinell hardness of 
the molybdenum iron was 231 on the side of the iron 
and 216 on the face of the rim, as compared to 211 
and 192 for regular cast iron. No appreciable effect 
on machinability was noted. 

It may be desired to obtain the maximum possible 
machinable hardness by direct alloying. Attention is 
called to the fact that the composition must be ad- 
justed to correspond to the thickness of the sections 
involved. Thin sections are hardened to a greater de- 
gree than heavy sections by the same alloy additions. 
For instance, a cast iron containing 3.35 percent 
carbon and 1.25 percent silicon showed a hardness of 
250 Brinell in a ™%-inch section with 0.75 percent 
nickel and 0.25 percent chromium. Using the same 
nickel-chromium ratio in a 1.25-inch section, it was 
necessary to add 1.35 percent nickel and 0.45 percent 
chromium to attain the same hardness. Failure to 
take thickness of section into account has sometimes 
resulted in the elimination from consideration of an 
entirely satisfactory alloy composition. This factor 
is usually controlled by adjusting the silicon content 
rather than the total alloy addition. Low-silicon or 
low-carbon irons respond better to hardening if 
nickel-chromium additions are made. In applications 
Where surface hardening is sufficient, treatments 
such as nitriding allow Brinell hardness up to 900 to 
be obtained. This type of surface is, of course, not 
Suitable where corrosion is also a factor. 


In addition to the use of chromium and nickel in 
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cast iron for chemical equipment, high-silicon types 
of alloy iron have been employed with varying de- 
grees of success. 


HIGH-SILICON CAST IRON 


The British Cast Iron Research Association intro- 
duced in 1928 a series of heat-treated cast irons called 
Silal, which covers normally a range of 4 to 6 percent 
silicon, with a carbon content of from 1.6 to 2.8 
percent. These materials do not possess high strength 
and they are less resistant to shock than is gray cast 
iron. With silicon in excess of 9 percent, the diffi- 
culty of machining these high-silicon irons increases 
rapidly, and with silicon content between 10 and 14 
percent, in which range increased acid resistance is 
developed, the metal becomes brittle and unworkable 
except by grinding. 

There is some indication that the addition of 
chromium to silicon cast iron markedly improves its 
resistance to high temperatures. It was first shown 
experimentally that 5 to 6 percent silicon cast iron, 
with 4 percent chromium, had good resistance to 
high temperatures, but this alloy had a distinct dis- 
advantage in that it was practically impossible to 
machine it, even after an annealing heat-treatment. 
By lowering the chromium from 4 to 2 percent and 
maintaining the silicon about 5 percent, with the 
total carbon in the range of 3 percent, an alloy is ob- 
tained that is particularly serviceable under high 
temperatures, such as are encountered in calcining 
furnaces and similar equipment operations. Cast-iron 
rabble arms of roughly the foregoing composition 
have been in service for three years in a calcining 
furnace at about 820° C., with favorable results. In 
describing the use of this silicon-chrome cast iron 
for high-temperature service, it is not meant to sug- 
gest that this material is equal in quality to the high- 
chrome cast materials, such, for instance, as 28 per- 
cent chrome, 3 percent nickel and 0.4 to 0.9 percent 
carbon. These latter materials, which cost much 
more, have a distinct application under extremely 
severe conditions as, for instance, in corrosive gases 
above 900° C. However, silicon-chromium alloys 
which are available at about 5% to 6 cents per 
pound show definite economies in operation in such 
services as rabble arms exposed to gases of low 
sulphur content and operating at moderate tempera- 
tures. They are also being used to some extent in 
coke-oven doors and in gas-generator equipment. 

High-silicon irons containing 13 to 16 percent sil- 
icon have been used for the past 30 years where re- 
sistance to acid was required. Silicon adds little to 
the corrosion resistance of iron until the range of 
about 12 percent silicon is reached, at which a sudden 
increase occurs, accompanied by a marked change 
in physical properties, the alloy becoming hard and 
brittle. American alloys known as Duriron, Tant- 
iron, Antaciron, and Corrosiron are in the general 
range of 13 to 16 percent silicon, as well as Ironac, 
Thermisilid, and others which are produced in 
Europe. 

There seems to be no advantage in exceeding 
about 16 percent silicon. These alloys show excellent 
resistance to sulphuric and nitric acid, but are at- 
tacked by hydrochloric acid. Their use is limited by 
their susceptibility to thermal and mechanical shock. 
A recent development known as Durichlor contains, 
in addition to the silicon, about 3 to 4 percent molyb- 
denum and 0.25 percent nickel. The resultant metal 
has about the same physical properties as Duriron, 
but is markedly superior in its resistance to hydro- 
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chloric acid. The corrosion penetration rate of Duri- 
chlor in boiling 20 percent hydrochloric acid, on the 
basis of a 240-hour test, is approximately 0.0087 
inches per month. Under the same conditions of acid 
concentration, temperature, and duration of test, the 
corresponding corrosion penetration rate on Duriron 
is 0.110 inches per month. 


AUSTENITIC CAST IRONS 


It will be recalled from an earlier paragraph that 
a common cause of failure in cast-iron equipment in 
chemical service is the infiltration of chemicals 
through the coarse graphite flakes. It follows, there- 
fore, that a good probability for increasing the life 
of cast iron for a given service lies in effecting 
finer distribution of the graphite flakes, thereby mak- 
ing them less continuous and at the same time mak- 
ing the continuous phase, which will be predominant 
in amount, a single solid solution. Both of these 
conditions are met in the austenitic cast irons which 
began to be developed about 12 years ago. 














TABLE 1 
Composition of Four Austenitic Cast Irons. 
Ni-Resist | 

Regular (Copper- Nicro- 

Ni-Resist | Free) silal Causul 
Nickel, percent....... 12.0 -15.0 | 15.0 -20.0 | 18.0 | 18.0-21.0 
Chromium, percent...) 1.25- 4.0 | 2.50 (max.)| 2.0 1.5 
Carbon, percent...... 2.75— 3.1 20-2.3 | 1.8 2.3 
Silicon, percent. : ‘| 1.5 — 2.0 0.6 — 2.0 | 6.0 2.2 
Manganese, perce nt...| 1.0 1.50} 1.0 — 1.50 | 1.0 1.10 
Copper, pe reent...... =f Se ae , pate | 4.5 
Sulphur, percent.....} 0.10 (max.)| .... a Cia | 0.05 (max.) 








The four austenitic cast irons listed in Table 1 
represent typical compositions of this class of ma- 
terials. All have high nickel content, because this 
is essential in order to maintain austenite as a stable 
phase when the castings are cooled in the mould. An 
average tensile-strength value for Ni-resist is 30,000 
pounds per square inch. 

This general type of cast iron was described by 
Dawson*. Other austenitic cast irons have been de- 
veloped since. Vanick and Merica® describe corrosion- 
resistant cast iron of the austenitic type called Ni- 
resist. Norbury and Morgan * describe the develop- 
ment and properties of Nicrosilal, which contains 
more nickel and silicon but less carbon than Ni- 
resist. Apart from increased nickel content, Causal 
differs from Ni-resist only in degree. 

The value of these cast irons lies in their resistance 
to heat and corrosion. The nickel, chromium, carbon 
and silicon combine their influences to produce a 
matrix that is but little affected by oxidation at high 
temperatures or by acid attack at low temperatures. 
The resistance of these alloys to scaling at tempera- 
tures up to 950° C. increases with increasing silicon 
content, and the tendency to grow under high tem- 
peratures decreases with decreasing carbon content. 

The resistance of this class of metals to heat and 


chemical attack has resulted in their relatively wide 


application in chemical-process equipment. Rotary 
and reciprocating pumps, valves, pipe lines, and re- 


action vessels operating on sulphuric-acid mixtures, 

MD ae gy Cast Iron,’ by S. E. Dawson, Foundry Trade Journal, 
vol. 29, 1924, pp. 439-443. 

?“Corrosion and Heat-Resistant Nickel-Copper-Chromium Cast Iron,”’ 
by J. S. Vanick and P. D. Merica, Trans. American Society for Steel 
Treating, vol. 18, 1930, pp. 923-942. 

*“The Effect of Carbon and Silican on the Growth and Scaling of 
Gray Cast Iron,” A. L. Norbury and E. Morgan, Journal of the Iron and 
Steel Institute, vol. 23, 1931, p. 413. Also: “Manganese-Silicon and 
Nickel-Silicon Cast Iron,” Ibid., vol. 125, 1932, p. 393. Also: “Nickel- 
Chromium-Silicon Cast Iron,” Ibid., vol. 126, 1932, p. 301. 


caustic, and many salts have been successfully used, 

Under high temperatures this material has shown 
excellent performance in resistance grids, coke-oven 
door frames, heat-treating stands in annealing fur- 
naces, thermocouple sheaths, and similar applica- 
tions. In some equipment, as, for instance, calcinin 
and roasting furnaces operating at 400 to 600° C. in 
the presence of sulphurous gases, the economical 
use of a low-alloy cast iron is problematical, partic- 
ularly if the product forms a scale and adds a 
condition of shock to the agitating equipment. Of 
course, no assurance can be given that an austenitic 
cast iron will improve the economies of the opera- 
tion, but there is a reasonable probability that it 
will. 

The installed cost of this quality of cast iron is 
approximately four times that of the ordinary grade, 
and if the cost of installation is appreciable, the 
economy of using the higher quality is at once rec- 
ognized. It should be pointed out clearly that too 
often equipment is purchased on the per-pound basis 
instead of the cost-installed basis. In many heavy- 
chemical plants, the material cost of some equip- 
ment parts is 98 percent of the installed cost, labor 
representing only 2 percent. Here, obviously, the 
frequency of replacement is a minor point, unless 
the loss of metal due to corrosion and abrasion in- 
troduces the problem of quality owing to metallic 
contamination of the product. Apart from this aspect, 
one of several low-cost materials might be used eco- 
nomically. In other installations equipment parts 
have been encountered that are exposed to corrosion 
and not easily accessible, such as driving and agita- 
tion mechanisms, where the installation labor cost 
exceeds that of the replacement part. The cost of 
installing equipment with superior corrosion resist- 
ance seldom exceeds that of a lower-cost, shorter-life 
part. Therefore, it should be better appreciated than 
it is that in the selection of materials greater con- 
sideration is given to the cost of installing the equip- 
ment, when further economies in production costs 
are made possible. 

All the alloying elements listed may be varied to 
some degree, but there must be enough nickel present 
to produce a stable austenitic structure in the normal 
casting operation. This class of cast iron commands 


_a higher initial price than do the conventional cast 


irons, but it is well worth the difference under many 
service conditions. Sulphuric-acid valves, sewage- 
disposal equipment, valves and pumps for caustic 
service, and pump impellers used under a _ wide 
variety of conditions show definite economies when 
made of cast-iron compositions high in nickel and 
copper. 

Where there are objections to the use of an alloy 
containing copper, as, for instance, in dye vats con- 
taining sodium sulphide and sulphur dyes, it is pos- 
sible and desirable to use the copper-free austenitic 
iron. 

These compositions are cast and machined without 
difficulty, making possible their ready manipulation 
in the average foundry and machine shop. 

The two particular properties that make austenitic 

cast irons useful in chemical-engineering equipment 

are marked resistance to a wide variety of corrosive 
substances and resistance to scaling and disintegra 
tion by the effects of heat. 

The applications in chemical equipment where aus 
tenitic cast iron has shown marked economies are 
numerous. This material is almost free from the type 
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of corrosive attack that softens the surface of ordi- 
nary cast iron and causes early failure. 

3y means of a simple test a fairly reliable indica- 
tion whether ordinary gray-cast-iron equipment can 
be economically replaced by an austenitic cast iron 
may be obtained. It is desirable first to make an 
examination of the surface of the used gray-cast-iron 
part to determine the nature of the surface attack. 
If the surface is smooth, hard and evenly corroded, 
it is probable that longer life would be obtained from 
a mottled iron casting with higher combined carbon 
but without alloy conditions. If, on the other hand, 
the surface of the part is soft, indicating that the iron 
matrix has been dissolved, leaving the graphite un- 
supported, this should be taken as an indication of 
the fact that increased life will be obtained by a 
solid-solution type of matrix. This improvement is 
found in the austenitic alloys. 

Cast-iron pump eye impellers and valves in 
weak-acid service (e.g., saturated solutions of carbon 
dioxide and rae ae sulphide under pressure, or 
weak organic and inorganic acids) develop a layer 
of soft graphitic material on the exposed surfaces. 
This carbon residue is soft, can be readily cut with 
a pen-knife, and on long exposure will reach a thick- 
ness of 34-inch. In applications of this particular 
kind, the use of low-alloy cast iron, containing, for 
instance, up to 2 percent total alloy content, is rarely, 
if ever, effective in reducing maintenance costs. 
These are applications for austenitic iron, and, if 
any further increase in initial cost is justified, con- 
sideration should next be given to castings of 17 to 
18 percent chromium with 0.35 percent carbon, or 
nickel-chrome low-carbon alloys (18-35 percent Ni, 
15-30 percent Cr) which are classified as alloy steels 
rather than as alloy irons. 

A series of scaling tests was made on a variety of 
low-alloy cast irons and on some metals including 
higher alloy content up to the austenitic range. The 
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Benzol Acetone Dewaxing Plant and Furfural Solvent Refining Plant, Magnolia 
Petroleum Company, Beaumont, Texas. Erected by The Lummus Company. 





specimens were disks 2-inch by %-inch. The tests 
were made at 550, 750 and 950° C., at 100-hour inter- 
vals under the conditions of the furnace atmosphere 
as follows: 


(1) Furnace contents protected from outside air. 

(2) Dry air aspirated through the furnace at the 
rate of 2 liters per hour. 

(3) Air saturated with water vapor and aspirated 
through the furnace at the rate of 2 liters 
per hour. 

(4) Illuminating gas aspirated through the furnace 
at the rate of 2 liters per hour. 

The results are shown in Tables 2 and 3. 


TABLE 2 
Experiments at 750C—100-Hr. Each 








Gain or Loss in Weight, Percent 





























Alloy | he 2 3 4 
Cast iron, no alloy added. | +3.21 | +1.51 +1.36 | +0.03 
Chrome-nickel cast iron. +2.45 +1.82 +1.17 —0.02 
MaGMMAG. 6255550054 ¥4 03% | me +0.44 +0.54 | +0.02 
oes ane 

TABLE 3 
Experiments at 950 C—100-Hr. Each. 
Gain. or © Loss in Weight, Percent 

Alloy | 1 ee Se es ee 
Cast iron, no alloy added. .| —6.89 —9.45 —12.26 —14.43 
Chrome-nickel cast iron...| —0.79 —4,27 — 7.63 — 7.58 

+3.89 — 1.90 + 2.64 


POPPIES on 00% soe bus +1.93 








Ni-resist developed and maintained a thin, dark, 
adherent scale at both 750 and 950° C. during the 100 
hours of the experimental runs. The moist air used in 
the tests at 950° C. appeared to loosen the scale to the 
extent that there was a slight loss of weight. It_is 
felt that the summary of results from these tests 
will suggest additional applications for these mate- 
rials in a more concise manner than otherwise pos- 
sible. 
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Corrosion-Resistant 


Lead Equipment] ' 


GEORGE O. HIERS#* 
National Lead Company, Brooklyn, N. Y. 


EAD is widely used in equipment in the chemi- 
cal industry on account of its corrosion resis- 
tance and for reasons of economy. Some of the 
mechanical and physical properties of lead are ad- 
vantageous, as for instance, its plasticity, softness, 
and low melting point, which allow easy working, 
such as bending and welding. From a mechanical 
viewpoint it is notably weak and therefore careful 
design is necessary in construction work. Hard, 
antimonial, lead is used where its slightly greater 
strength is sufficient; if more strength is required 
lead-lined or covered steel or copper is used. 


COMPOSITION 

For construction purposes in chemical plants lead 
has usually been either the grade known as chemical 
lead or hard lead, while occasionally a pure com- 
mercial grade is required. The undesilverized lead 
from southeastern Missouri which contains small 
amounts of copper, silver, and nickel has long been 
a favorite in the chemical process industries, and is 
specified by the A.S.T.M.*. Hard lead with from 6 
to 12 percent antimony also finds considerable use 
where the temperature does not exceed 100 to 120° 
C. Some use is occasionally made of lead containing 
lesser amounts of antimony, while a recent report 
from England describes the use of a lead with as 
much as 28 percent antimony’. Examples of the com- 
position of some standard grades are given in 


Table 1. 


*Contributed to the Symposium on Corrosion-Resistant Metals in the 
Design of Machinery and Equipments, by the Iron and Steel Division for 
presentation at the annual meeting, New York, of the American Society 
of Mechanical Engineers. Republished here through courtesy of the 
society and its Journal, Mechanical Engineering. ( Abstract.) 





TABLE 1 
Composition of Standard Grades of Lead. 








| Corroding 





| | 
Purest | (For Making 
*““Chemical”’ | Commercial | Common | White Lead) 
OS SE : 0.0068 0.00055 | 0.0005 0.0005 
I, 15 a cho s<'s 0.062 | 0.0003 | 0.0003 0.0003 
ES Sin 6 x 6 0 'e-0 None Trace Trace Trace 
OS None None Trace Trace 
Antimony...... 0.001 0.0012 0.001 0.001 
Bismuth.........| Trace Trace 0.089 0.045 
Cadmium 0.0008 } 0.0006 0.0003 Trace 
GS ar 0.0002 | 0.00024 0.0001 0.0002 
is ane, Stave Sia 4’ 0.0002 0.0003 0.0004 0.0002 
Nickel and cobalt. 0.0048 Trace 0.0004 0.0002 
Manganese...... Trace Trace Trace Trace 
Lead (by diff.) . .. | 99.924 99.9968 99.9090 99.9528 
| 
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A recent British discovery of importance is a soft 
lead containing about 0.05 percent tellurium*. This 
is a chemical type of lead and its superior properties 
will be dealt with later. Alloys of similar amounts of 
tellurium added to antimonial lead are used in the 
chemical industry’®. Leads containing 7 percent tin 
find special use as anodes, heating coils, and tank 
linings, with chromium- -plating solutions®, An alloy 
of lead with 1 percent silver is used for insoluble 
anodes in the electrolytic refining of zinc?® and for 
coating air-conditioning radiators. 


PHYSICAL AND MECHANICAL PROPERTIES 


A few of the more important constants of lead are 
given in Table 2. Some of these properties are neces 
sarily affected by the impurities present. The mint 
mum recrystallization temperature of pure lead (of 
the so-called “equichohesive temperature”) is ap 
proximately —30° C. No allotropic forms of lead 
have been found by Rawdon*. The effect of other ele 
ments on the recrystallization of lead is an important 
matter, concerning which there is little in the litera 
ture, 

The mechanical properties of lead have recently 
been studied somewhat more intensely. Since lead 
at ordinary temperatures may be considered as tent 
ing more toward a plastic solid than a rigid ome 
wide values can be given to almost any mechanical 
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TABLE 2 
Physical Properties of Lead. 








Si MN Si od ao 5 d'aian's Maidcw ok Ee CRN CES SOR ee ede Rebun 207.22 
UNI IN is fyci'g a: 6 wal a ordi4 Gok oA bck O's ay ae oom Re pe 18.27 
RTE SM sb cake aa Rub aeins sie btda Sawa Uke 11.34 
Sy NS ne + die dered Be ee EHR Reet + ska 11.005 
Nis 6s ox.ard ss pa eK Lo ae ae ba beeen eee 10.686 
Tr I os 55-55% prank 09,9 4 Sa eA eRe S 6 dcek Oo atte eld a 10.418 
NE Meo bg 'g, 00d p DE ASA mh Dede ole OER SRE 327.4 
Salt SEER ERD Peete LO CNS Te MS Prey as 1525-1620 
Ng MOS ion ig oiw biota a spoke 0 & Cid gee oh dcde Dee's oso MRS 0.0302 
ment, emt GF CWGIOG, ON) OU Oo oe os vi ninie 60 e000 esas arb ee 5.47-6.26 
Latent heat of vaporization, g-cal per g...............0-eeeee 223 
mueetael Goemaceswiew: Tr ©... GOO) oo occ nasa cccssacbeaseus 0.083 
Coef. of linear expansion (17—100° C.), per° C................ 0.0000293 
i Pi Ss cbs a dad cae k cece din by 6-6 < keane vs 6) oe sas eee 
ne IT UR OER ee ak Sig wi ws siipualer eis bm histte.d ee 284 


Modulus of elasticity in tension......................++...+.- O,8—-2.0 million 











property. Slight changes in composition can cause 
wide limits of values. 

The endurance limit under several million cycles 
of alternating stresses or vibration plays an impor- 





Gasoline recovery plant, Standard Oil Company of 
New Jersey, Bayway, New Jersey. 








tant part in the failure of lead. Of the results of at- 
tempts to devise mechanical tests which simulate 
failures in service, those made on the Haigh machine 
are given in Table 3 as they have been reported by 
workers in England. Excellent work on the endur- 
ance limits of lead cable-sheath alloys has been re- 
ported by the Bell Laboratories*® and by the Univer- 
sity of Illinois’. 

Since the values at hand for the recently developed 
calcium lead are results from different types of test- 
ing machines, they are not cited here, but it may be 
noted that undoubtedly they fit in the higher-value 
brackets. 

The tensile strength of lead as well as its hardness 
varies according to its condition and composition. 
The general approximation of data from many 
sources, Table 4, gives a better picture of this prop- 
erty than a grouping of results from isolated tests 
made under varying conditions. It is unfortunate 
that there appears to be no reference in the literature 
of tensile tests of a great number of different leads 
under exactly similar conditions, and with a clear 
knowledge of the rate of straining. 


The addition of certain other elements raises the 








TABLE 3 


Endurance Tests on Haigh Machine Converted 
to Lb. Per Sq. In. 
































TABLE 5 


For Calculating Safe Working Pressure of Lead Pipe 
at Various Temperatures. 









































(Data from Lead Industries Association (13) ) 
OBSERVER Pe nd 
-| Approxt- 
MATERIAL A B Cc mation Maximum Allowable 
Equivalent Fiber Stress—Lbs. per Sq. In. 
Pure commercial (99.9 lead)......... 403 re 403 400 Steam — 
Chemical (0.06 Cu)................. 3aa's aces 627 600 Temperature Pressure, 6 Percent 
Tellurium* (0.06 Te)................ ana 762 1120 1000 -| Lbs. per Sq. Chemical Antimonial 
eed in sik bcc oa da eus > 1220 1120 ae 1100 °C. °F. In., Gage Lead Lead 
1 percent antimony................. 1455 Teas ee 1300 , : 
Ternary (0.35 C4 + 16 eee 1278 ane 1278 1 100 = - wee en = 
. . eae te epee 1658 15 é 43 ¢ 
a + oe wees 40 104 wo 180 340 
50 122 tai 172 310 
A = Beckinsale and Waterhouse (7). 60 140 wee 162 280 
B = Waterhouse (8). 70 158 ee 153 254 
C = Russell (9). os — ves a 222 
*As brought out in discussion by Waterhouse, since this lead has marked work- 100 212 a 127 a 
hardenability, the condition of strain is important. The maximum of 0.50 tons 110 230 6 118 137 
per sq. in. (1120 Ibs. per sq. in.) has generally been quoted in numerous places, 120 248 14 110 110 
but the commercial forms would usually appear to show a somewhat lower en- 130 266 24 100 80 
durance limit, say 900 Ibs. per sq. in. 140 284 37 90 50 
re 302 54 80 siete 
247 477 535 ees 0 
TABLE 4 397 621 ri i ie 
Yetmate The formula to be used with the values in the table is P = 2ST/D 
ensile Where P = safe working pressure, lb per sq in. 
——— Elgona- Avene S = maximum allowable fiber stress from table. 
In. per In. tion, Sleadenes 5 = en se pipe wall, in. 
per Min. Percent Number : a ee eee : 
Sometimes it is advisable to use wall thicknesses greater than_ those 
99.9 percent pure................. 1750—1900 55 3.54 derived from the equation for mechanical or structural reasons. Where 
ET To) aera 2190 50 4.5 corrosion is anticipated, it is well to provide additional wall thickness. 
2600* 56 aes 
2765t 50 da 
Tellurium (0.06 Te)............... oe 32 5.8 
2770 37 — 1 = 45 5 r 9 r 7 i > . 
es (606 Ca 1660)........ 37004 po ay in sizes up to about 12 by 40 feet. Thicknesses are 
Ternary (0.25 Cd — 0,5 Sb)........ 3700$ 58 6.5 obtainable ranging from 1/64 to 1-inch or more on 
ard lea rcen Baetales caved 22 j . o : 
Hard lead (6 ean —— Sealbpaane 4500%* 50 75 special order. The gage of the sheet is referred to 
ard lead (8 percent Sb)........... 7450 22 13.4 ; ; : 4 : 
a omen Sieh a7B0e* rH ; by its weight in pounds per square foot. Lead 1 inch 
thick weighs 60 pounds per square foot and thus, 

















*Annealed. ft Cast. ** Rolled. t{ Rate = 0.6 in. per in. per min. 


recrystallization temperature and retards stress re- 
lief and grain growth. Tellurium, copper, and cal- 
cium have marked effects in this direction. The grain 
size of the metal remains in a fine condition for long 
periods, Tellurium lead work-hardens, while calcium 
lead is susceptible to dispersion hardening with ag- 
ing. 

The elongation of lead varies somewhat with the 
rate of application of the load. Attention has more 
recently been drawn to the gradual elongation of 
lead under small constant loads over long periods. 
Creep tests are in progress both here and in England, 
but conclusions are only tentative’*. It can only be 
said that the safe working pressure or creep limit 
of lead is approximately a fiber stress of 200 pounds 
per square inch, at room temperatures with some 
variation, plus and minus, depending on composition 
or metallurgical history of the material. 

In the design of steam-heating coils made of lead 
pipe and other lead chemical equipment, the sug- 
gested maximum allowable fiber stresses may be 
used, as in Table 5. 

The fatigue strength and creep strength are im- 
portant physical properties affecting the life of lead. 
Corrosion resistance is a complex property, but in 
service conditions it is almost inevitably related to 
mechanical properties to a lesser or greater degree. 


AVAILABLE COMMERCIAL FORMS 


Soft, chemical and tellurium sheet lead are made 
by cold-rolling, while hard-lead sheet is made by 
hot-rolling. Crawl-proof lead is made by rolling and 
is chemical lead reinforced with internal rods or ribs 
of hard lead. These sheets are available commercially 


obviously, for the lighter stock one can, without 
serious error, take the number of sixty-fourths of an 
inch of thickness as the weight in pounds per square 
foot. Ribbons, strips, and gaskets, may be obtained 
from rolled sheets. 

Strip, rod, or ribbon is often manufactured by ex- 
trusion but by far the largest amount of extruded 
product is lead tube or pipe. Sizes from 1/16 to 12 
inches internal diameter are readily available in 
20-foot ‘straight lengths or in coils of considerable 
length of up to 200 feet, according to the caliber. 

Many different forms of extruded products are 
available. Spacer blocks for heating coils are oc- 
casionally extruded and cut in appropriate lengths. 
Oval pipes, regular traps and bends, rods, and wires 
are obtainable. 

CORROSION 


While lead is principally used for equipment for 
handling sulphuric acid, either alone or in the wide 
industrial use in combination with other acids or 
salts of the acid, it also finds considerable use with 
other agents and in contact with the soil or atmos- 
phere. Its durability is related to a protective film or 
coating of corrosion product. This may be any- 
thing from an oxide tarnish to a heavy coat, but it 
is obvious that insolubility is a prime factor. The 
physical properties of this protective film are highly 
important and the rate of corrosion may vary con- 
siderably under apparently similar conditions. The 
self-healing or “maintaining” characteristics of pro- 
tective films on lead are noteworthy. Lead is an 
important corrosion-resistant metal because of them. 
In general, lead resists the atmosphere, natural wat- 
ers, and most mineral acids in which an insoluble 
product is formed. 

The conflicting results of many laboratory tests 
of the statistical type have been well gathered and 
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concisely stated by McKay and Worthington". Such 
results force the users of lead to conclude that the 
knowledge of corrosion resistance is best based on 
experience from actual service or service tests and 
the exact chemical nature of the reacting substances. 
Furthermore, attempts to extrapolate rates of cor- 
rosion based on short-time tests may be misleading. 
Such terms as milligrams per square decimeter per 
day, or inches penetration per month are offered 
merely as a guide to the user. 

Hedges has shown that the rates of corrosion of 
some types, specifically those with protective coat- 
ings, are logarithmic in type*’. The rate of corrosion 
eventually approaches zero as a limit. The water 
pipe dug up in Rome after being in the ground 2000 
years, in perfect condition, is a good example of this 
type of corrosion. The troublesome types of cor- 
rosion are more particularly those evidenced by pit- 
ting or cracking where a metal may fail quickly due 
to some localized action, such as galvanic action, 
stress corrosion, or differential aeration. 


EQUIPMENT DESIGN AND USE 


In a previous section commercial forms of pipe 
and sheet were discussed as available products. As 
indicated in Table 5, soft- or chemical-lead and hard- 
lead pipes have some limitations in strength. Chemi- 
cal-lead and tellurium-lead pipes for heating coils 
may be safely used with a maximum steam pressure 
of 50 pounds per square inch. In. instances where 
higher steam pressures up to 150 pounds per square 
inch are desired, copper tubing covered with an 
adherent layer of lead of substantial thickness may 
be used and can readily be procured. 


LEAD TANKS AND TANK LININGS 


Lead tanks or stills are sometimes made without 
complete surrounding reinforcement. A good exam- 
ple is a cast antimonial-lead evaporator for concen- 
trating titanium-sulphate solution‘. It measures 4 feet 
6 inches in diameter and 7 feet in height. With the 
exception of the base, which is cast iron, this entire 
evaporator is made of a cast alloy of 92 percent lead 
8 percent antimony. About 35,000 pounds of metal 
were required to make the castings. The steam pres- 
sure encountered is 10 pounds gage and the vacuum 
26 inches of mercury. The walls of the evaporator 
shell are 1%-inch thick. 

Stills for making ether are usually built from lead 
without reinforcement of stronger metals except at 
flanges where iron legs may be attached. 

_ Numerous lead tanks are made with a skeleton 
lramework of angle iron for outside support. A large 
tonnage of sheet lead is used for lining tanks built 
of plate steel. The lead sheet is usually bolted or 
strapped to the steel tank which it lines, particularly 
with large sizes. Vertical straps are generally pre- 
lerred, They should be numerous to avoid the pos- 
sibility of buckling of the lead lining due to expansion 
or contraction which changes in temperature or to 
avoid failure due to vibration. In a tank 20 feet in 
diameter and of similar height it may be desirable 
to use vertical straps 4 feet apart. The straps are of 
steel and rounded to prevent cutting the lead. Bolts 
(with special heads) are placed through the strap, 
Sheet-lead lining, and tank shell, and fastened. An 
additional narrow strip of lead sheet is used to cover 
the bolt heads and is welded to the sheet-lead lining. 
Occasionally -the strap is included in an overlap 
seam, thus halving the length of welding. The merit 
ot the latter practice is questionable, if the service 
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is severe. Welding or burning of lead is readily ac- 
complished. If handling permits, tanks may advan- 
tageously be laid on their sides to facilitate the 
welding of the strap covering. 

Oxygen with city gas, hydrogen, or acetylene may 
be used in torches for welding. Many lead burners 
seem to prefer the use of oxyhydrogen flames. Burn- 
ing bars of the same composition as the sheets or 
pipes welded are desirable. Lap welds are most fre- 
quently made, although butt welds and welds of 
standing seams may be used. Many welders choose 
to peen the welds before they have cooled. The 
hammering breaks down the dendritic structure of 
the weld metal, making the grain size approach that 
of the rolled or of the extruded product joined. 

Lead linings in wooden tanks of moderate size, 
say up to 6 feet high, are frequently supported by 
the sheet metal flanged over the top edges of the 
tank. Owing to the ease in handling lead pipe and 
the desirability of different types of heat-exchange 
coils they are made as a helix, a flat spiral (pancake) 
or in grid form with return bends. Often a double 
coil is made by placing one helix within another. 

Many lead linings of tanks are further reinforced 
by an acid-brick lining inside of the lead lining in 
order to prolong the life of the lead. 


PUMPS AND VALVES 


Antimonial-lead sheet and pipe are frequently used 
in preference to chemical lead_owing to their greater 
strength and adequate corrosion resistance to sul- 
phuric acid at ordinary and slightly elevated tem- 
peratures. Very often in the construction of pumps 
and valves, 6 percent antimonial lead is used because 
of its resistance to abrasion as well as its strength 
and anticorrosion quality. Such centrifugal pumps 
are of two types, the open pattern and the vertical- 
shaft pump. The open type of centrifugal pump is 
most commonly used and is similar to a standard 
cast-iron pump in construction, with exceptions that 
the casing is cast antimonial lead and all parts con- 
tacting the chemical solution are of hard lead. The 
advantage of the vertical pump is in the fact that 
no stuffing box is required, but such type has re- 
stricted use. The general purpose to which it is ap- 
plied is where solutions are not to be pumped to 
any great distance or without much pressure or 
head. However they will deliver large volumes of 
liquid. 


LEAD COATINGS OF VARIOUS TYPES 


Steel pipe adherently lined with lead is consider- 
ably used. Special lead-faced flanges for joints are 
obtainable for use therewith. Acid valves of various 
types are manufactured in both lead-lined and hard- 
lead patterns. The type of valve usually specified is 
the Y pattern, or what is known as a free-flow valve. 
This type tends to prevent injury to the seat caused 
by grit. Such injury would cause the valve to leak. 
For some conditions, where strong acids are not 
being handled, or the temperature does not exceed 
180° F., valves are equipped with a removable rub- 
ber plug. The advantages of the removable rubber 
plug are in the convenience of easily reequipping the 
valve with a new plug and also, to some extent, the 
self-seating qualities. Where conditions require, 
other patterns of valves can be furnished, such, for 
example, as the globe, gate, and angle, and, also, for 
pumping conditions, check ‘and foot valves. 

Lead-lined steel tanks and lead-covered copper 
pipes with adherent coverings of substantial thick- 
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ness of lead are being successfully used in many 
installations. The lead is fused to the steel or copper 
and.such equipment is called homogeneously lined 
or covered. Its use is becoming wider because in 
addition to its mechanical strength, it has the ad- 
vantage of offering good heat transfer in contrast 
to a loose lining, which gives inefficient conduction. 
This type of anchorage of the lead, approaching 100 
percent as it does, tends to eliminate troubles due to 
thermal changes or vibration. Homogeneous equip- 
ment is usually built as storage tanks, autoclaves, 
jacketed pressure tanks, agitators and propellers. 

In order to prevent erosion of lead used for thick- 
ener and classifier rakes, for the lips of scoop feeders 
attached to ball and tube mills, and for the buckets 
and flights of conveyors there is a special product 
called “plumbalun.” It is made by applying a layer 
of abrasive grains of aloxite over the entire surface 
of a hard-lead casting”®. 

Sprayed-lead coatings for corrosion resistance have 
merit. They may be applied to the surface of assem- 
bled steel or iron equipment after the iron has been 
cleaned with a blast of sand or steel grit. “The rela- 
tive resistance of various sprayed molten-metal coat- 
ings, applied on steel, against the attack of the cor- 
rosive agents occurring in flue gases was determined 
in an apparatus in which this attack is considerably 
accelerated and in which uniform corrosion results 
are obtainable. Sprayed molten-lead coatings were 
found to be practically un-attacked. Twenty-two 
other metals and metal combinations, applied in 
sprayed molten form, indicated lack of suitability 
for service under conditions similar to those de- 
veloped in this apparatus’**. Spraying with tellurium- 
lead (metallizing) has been recommended to protect 
boilers, heaters, and water-storage vessels in the 
City of Toronto”. The corrosion resistance of 
sprayed coatings is improved by burnishing, peen- 
ing, or rubbing. Occasionally the porosity is ren- 
dered less objectionable by a preliminary corrosion 
treatment which tends to fill the pores with insoluble 
lead sulphate. 

Lead flooring has been used to protect concrete 
floors, to ease the cleaning up of spills, for non- 
slipping, and to prevent the wear of rubber hose 
dragged over the floor®*. The use of lead is sometimes 
desirable in plants handling inflammables or explo- 
Sives in order to prevent sparking. Lead table tops 
for industrial laboratories have been found advan 
tageous and are said to tend to eliminate the break- 
age of glassware**. Several years ago two rayon con- 
cerns in the same vicinity used more than 1000 tons 
of lead in the construction of their plants*’. 

Lead antivibration pads or mattresses are fre- 
quently used. The outer sealed covering of lead 
serves to prevent disintegration of cork or asbestos 
which is held within. Such mattresses are used under 
machinery and under columns in skyscrapers*®. 

The manufacture of sulphuric acid by the chamber 
process entails the use of great quantities of lead. 
The chambers for many years have been rectangular 
rooms made of 6-pound sheet lead for the walls and 
ceiling with heavier lead for the pans (10-pound) or 
bottoms (8-pound). The chambers may be 60 feet 
wide by not over 40 feet high, and the length may 
be as great as 236 feet. Horizontal iron rods at inter- 
vals are used to support the side walls, which are 
fastened by means of lead straps. The ceilings are 
also strapped for support. Cylindrical chambers made 
of lead are now also used to some extent and they 


refining industry lead-lined agitator tanks, dilute- 
acid washings, and acid-recovery systems use lead- 
lined equipment. 

Although tellurium lead has been recently taking 
its place as a new material in equipment, testimonials 
of notable service are already being received. Large 
tonnages are in use. A Midwest company is success- 
fully using tellurium-lead coils as a heat ~ ees 
handling hot sulphurous acid at 160-180° F. under a 
steam pressure of 20 pounds, and is using tanks lined 
with tellurium lead in continuous operation for 
strong sulphuric-acid solutions which, during the 
operation, reach the boiling point of the acid solu- 
tion, with agitation. Steam coils, heating 66-Bé sul- 


phuric acid at a steam pressure of 45 pounds with an 


inside temperature of about 240° F., are said to be in 
use in a large Eastern plating plant, where the instal- 
lation has thus far proved superior to other leads 
previously used. 
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Thermal Conductivity At 


Kilevated ‘Temperatures 


W.GEORGE JOHNSON 


Manager, Petroleum Division, 
Crucible Steel Company of America 


HIS paper is written with spe- 

cial reference to the relative ther- 
mal conductivities of a semi-corro- 
sion resisting high strength chrome 
steel, and corrosion resisting, scale 
resisting, high strength chrome irons, 
chrome-nickel steels and chrome- 
nickel-silicon steels, as compared to 
plain carbon steels at elevated tem- 
peratures. 

There seems to have been a belief 
in many quarters that for all temper- 
atures the above materials are defi- 
nitely inferior in thermal conductiv- 
ity to plain carbon steels. 

The effect of increased corrosion 
resistance and high creep strength at 
elevated temperatures on the “over 
all heat transfer coefficient” is in 
general very important. This subject 
is discussed in some detail. 

Certain non-ferrous materials. par- 
ticularly Admiralty metal which is used in considerable 
quantities in the form of condenser tubing in the refin- 
ing industry, have been included as a matter of interest. 

Many conductivity measurements have been made 
by various American, German and Japanese investi- 
gators. Some of the most recent work that the writer 
is aware of was reported by Edward Maurer.’ 


APPARATUS AND TESTING PROCEDURE 


Maurer used two types of apparatus, namely that 
perfected by Honda and Simidu and the other by 
Hattori. Close agreement for thermal conductivity 
was found in the low temperature range on identical 
materials. Therefore, the Hattori apparatus was dis- 
pensed with and all tests reported unless otherwise 
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FIGURE 1 


Specimen with Nickel Cylinder and Porcelain Cover. 
Position where Thermocouples are attached. 
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noted, were obtained when using the 
Honda and Simidu apparatus. 

A specimen 1 cm (.4 inch) in di- 
ameter, 8 cm (3.2 inches) long, 
with an electrical heating unit in 
the middle (which had previously 
been drilled for that purpose), is 
placed into an insulated nickel cylin- 
der which in turn is enclosed by a 
porcelain tube fitted into the bore of 
an electrical furnace. 

Five thermocouples are attached 
to. the above specimen as shown. in 
Figure 1. 

Thermocouple No. 5 measures 
the average temperature between 
Thermocouples Nos. 3 and 4. The 
connection of the thermocouples 
1, 2, 3 and 4 to a galvanometer G 
for measuring the temperature 
gradients of the specimen is 
shown in Figure 2. The deflec- 
tion of galvanometer G is proportional to 4 T with 
T, > T, and T,’>T, where 4 T = (T,—T,) + 
(1 — Fy). 











G 
7 i, i,’ AS 
FIGURE 2 


Connection of Thermocouples to Galvanometer for 
Measuring Temperature Gradients of Specimen. 


The thermal conductivity » is then arrived at by 
using the following equation: 


Q.L 
qa[(T:— Ts) + (Ti — T?’)] 


a= 





q is the cross sectional area of the specimen which is 
maintained constant throughout the specimen. 

Q is the heat energy flow rate from the middle of the 
specimen to the ends. 

L is the distance between the thermocouples 1, 2, 3 and 
4 (Icm). 


When the thermocouples showed that equilibrium 
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conditions had resulted from heating the furnace to 
the temperature at which thermal conductivity was 
to be determined and the passing of a current through 
the heating coil in the center of the specimen, the 
temperatures T,, T,, T,’, T.’, as well as the average 
temperature T, were recorded. The determination of 
QO was accomplished by ascertaining the energy sup- 
plied to the specimen. This called for a measurement 
of the current passing through the coil in the speci- 
men and the drop in potential across the coil. 


TYPES OF MATERIALS STUDIED 


Below are listed in Table 1, the various irons and 
steels together with the non-ferrous materials in- 
cluded for comparative purposes. 


TABLE 1 

1. Copper’ 

2. Aluminum’ 

3. Admiralty Metal* (70% Copper, 29% Zinc, 1% Tin) 

4. Nickel’ (99.23%) 

5. Armco Iron’ 

6. Plain Carbon Steel’ (0.02% C.) 

7. Plain Carbon Steel’ (0.45% C.) 

8. 4/6% Chrome Steel’ (Lo Cro 46 Type) 

9. 10/131%4% Chrome Iron’ (Rezistal Stainless Iron No. 
12 Type) 

10. 18/23% Chrome Iron (1) (Rezistal Stainless Iron No. 
20 Type) 

11. 17/19% Chrome, 7/91%4% Nickel Steel’ (Rezistal KA-2 
Type) : 


12. 22/26% Chrome, 12/14% Nickel, 2/3% Silicon Steel’ 
(Rezistal 3-C Type) 

13. 24/26% Chrome, 19/21% Nickel, 2/3% Silicon Steel’ 
(Rezistal No. 7 Type) 


RESULTS 


Examination of Table 2 reveals some very interest- 
ing data from which certain conclusions may be 
drawn. 

A. COMPARATIVE MATERIAL 


Copper, as is well known, has a very high thermal 
conductivity particularly’ at moderately high tem- 
peratures. From the data available and given in 
Table 2, it may be seen that the values decrease 
rather fast between 200°C. (392° F.) and 400°C. 
(752° F.), but from there on up to 700° C. (1292° F.) 
the rate of drop is much slower. 


Aluminum acts just the opposite to copper in that 
its thermal conductivity increases rapidly with an 
increase in temperature. At 200° C. (392° F.) alumi- 
num has a thermal conductivity of 0.550 cal./em./deg. 
C/sec. whereas copper at the same temperature 
shows 0.960 cal./cm./deg. C./sec. However, at 600° C. 
(1112° F.) copper has decreased to 0.834 cal./cm./deg, 
C/sec. while aluminum has increased to 1.01 cal./cm./ 
deg.C/sec. 

Admiralty metal which contains a very high per- 
centage of copper has a thermal conductivity con- 
siderably lower than copper. This is caused by the 
zine and tin present. The thermal conductivity for 
Admiralty metal increased practically in a straight 
line from 30°C. (86° F.) to 200°C. (392° F.) the 
temperatures for which data was obtained. 

Nickel shows a drop in thermal conductivity until 
a temperature of 400° C. (752° F.) is reached. After 
passing this point, it turns upward constantly in- 
creasing up to 1200°C. (2192°F.). This change in 
slope is interesting for in the neighborhood of 400°C. 
‘752° F.) the magnetic transformation for nickel 
occurs. 

Armco iron decreases until reaching 900°C. (1652° 
F.), flattens out at that point onward until passing 
1000°C. (1832° F.), after which there is a slight rise. 

The thermal conductivities for both of the plain 
carbon steels decrease until a temperature of 700° C. 
(1292° F.) is reached, after which they begin to flat- 
ten out, showing a very slight upward trend as the 
maximum temperature of 1200°C. (2192°F.) is 
reached. 


B. CHROME STEEL AND CHROME IRONS 


The data for 4/6% chrome steel shows that with 
this percentage of chrome present, the thermal con- 
ductivity is somewhat lower than that obtained for 
the plain carbon steels for all temperatures tested at 
up to 800°C. (1472°F.) where it is slightly higher. 
From there on the values for all three grades are 
about the same. The drop for the 4/6% chrome steel 
is more gradual having started at a lower point. 

If the data obtained on the 12/15% chrome iron 
were plotted, it would reveal a curve absolutely hori- 
zontal, a value of 0.061 cal./cm./deg. C/sec. being ob- 
tained for every temperature tested at. This result 


TABLE 2 


Thermal Conductivity Values at Elevated Temperatures 
Calories/Centimeter/Degree Centigrade/Second 


TEMPERATURE OF TESTS 













































































30°C. | 50°C. | 100°C. | 200°C. | 300°C. | 400°C. | 500°C. | 600°C. | 700°C. | 800°C. | 900°C. | 1000°C. | 100°C. | 1200°C. 

GRADE No. 86°F. | 112°F. | 212°F. | 392°F. | 572°F. | 752°F. | 932°R. | 1112°F. | 1292° FB. | 1472° F. | 1652° F. | 1832° F. | 2012° F. | 2192° F 
RS) Ra ee eres GEO Soe See 0.960 | 0.895 | 0.853 Cee Oe | OR a a P  BOE ae WP woe on 
ERE Sup ae Sieg 2 ee 0.492 | 0.550 | 0.640 | 0.760 | 0.880 eee Se PES ee Be ae <7 
ORS epee 0.267 | ..... 0.291 St ae Sea) GEE: Bee Se ee | ey es ee ar a 
EE UR a 0.199 | 0.194 0.182 | 0.158 | 0.133 0.113 |} 0.121 | 0.129 | 0.138 | 0.146 0.154 0.162 | 0.165 0.166 

ae ee RRR 0.170 | 0.161 0.146 | 0.131 0.117 | 0.104 | 0.095 | 0.090 | 0.086 | 0.083 0.083 0.085 | 0.087 
10S ES ERI ...| 0426 | 0.126 | 0.126 | 0.123 0.116 0.108 | 0.098 | 0.090 | 0.083 0.079 0.078 0.078 | 0.079 | 0.080 
eh rate hii veh. Sewiatod deity 0.097 | 0.097 | 0.097 | 0.097 | 0.096 | 0.090 | 0.082 0.075 0.069 0.063 0.063 0.065 | 0.066 0.067 
a vers ves ocw cadosciccane: 0.086 | 0.085 | 0.084 0.083 0.080 | 0.075 | 0.071 0.067 | 0.066 | 0.065 | 0.065 | 0.065 | 0.065 0.065 
MUA ede neki a thks cp dccccs 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 
MUREPE AG Gi Sad) Couche sens ouch 0.056 | 0.056 | 0.056 | 0.056 | 0.056 | 0.057 | 0.058 | 0.059 | 0.060 | 0.063 | ‘0.066 | 0.070 | ..... E. ee 
peels Osi ba teonikh sacs «has 0.055 | 0.055 | 0.056 | 0.059 | 0.062 | 0.066 | 0.071 0.076 | 0.081 0.086 | 0.092 | 0.101 0113 | .. os 
| SS 0.042 0.042 0.042 0.043 0.045 0.048 0.050 0.053 0.056 0.059 0.061 0.064 0.068 0.073 

ids Cen bShceis ds volec sedat 0.042 | 0.042 | 0.042 | 0.043 0045 | 0.047 | 0.050 | 0.053 0.057 | 0.061 0.065 | 0.069 | 0.075 ~ 0.081 
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is lower than the minimum found for the plain car- 
bon steels and 4/6% chrome steel, although to a very 
small degree as the higher temperatures are attained. 

A curve plotted from the data for 18/23% chrome 
iron would also be entirely different from all of the 
above steels and 10/13%4% chrome iron in that it is 
horizontal until after passing 300° C. (572° F.) when 
it turns upward. Upon reaching a temperature of 
g00°C. (1472°F.) it is higher than 10/13%% chrome 
iron, and at 900° C. (1652° F.) it is higher than 4/6% 
chrome steel and .45% plain carbon steel. 


C. CHROME-NICKEL STEEL AND CHROME- 
NICKEL-SILICON STEELS 


The thermal conductivity for 17/19% chrome, 
1/914% nickel steel increases very rapidly with an 
increase in temperature. In fact, at the maximum 
temperature of 1200° C. (2192° F.) the value obtained 
is 1.7 times that found for a .45% plain carbon steel. 
At a temperature of 


30° C. (86° F.) this grade is very slightly under the 
thermal conductivity determined for 18/23% chrome iron. 

200° C. (392° F.) higher than 18/23% chrome iron. 

300° C. (572° F.) higher than 10/13'%4% chrome iron. 

500° C. (932° F.) the same as 4/6% chrome steel. 

600° C. (1112° F.) higher than 4/6% chrome steel 
and .45% plain carbon steel. 

800° C. (1472° F.) higher than .02% plain carbon steel, 
and the same as Armco iron. 

900° C. (1652° F.) higher than Armco iron. 


It is worth mentioning at this point that two 
American investigators, Shelton and Swanger’® re- 
ported thermal conductivity values for 17/19% 
chrome, 7/914% nickel steels containing .07% max. 
carbon (Rezistal KA-2S type) and .11% max. carbon 
(Rezistal KA-2 type) respectively. Their results for 
all temperatures tested at show practically no change 
as caused by the different carbon contents. The same 
chrome-nickel steel containing .07% max. carbon 
with titanium added (Rezistal KA-2ST type) for 
stabilization, gave results according to the above in- 
vestigators, very slightly higher for all temperatures 
at which measurements were made. 

The thermal conductivities of both the 22/26% 
chrome, 12/14% nickel, 2/3% silicon steel and that 
containing 24/26% chrome, 19/21% nickel, 2/3% 
silicon, are practically the same until after passing a 
temperature of 600° C. (1112° F.). Between this tem- 
perature and 700° C. (1292° F.) the curve for the lat- 
ter crosses the former, the increase in favor of the 
24/26% chrome, 19/21% nickel, 2/3% silicon steel 
becoming more marked as the temperatures are ele- 
vated. Both of these grades containing silicon have 
appreciably lower values than the 17/19% chrome, 
1/9%% nickel steel especially so at the higher tem- 
peratures. It is also noticed that for all temperatures 
these silicon bearing chrome-nickel steels have in- 
ferior thermal conductivity to the 18/23% chrome 
Iron containing no nickel. The difference becomes 
less as the higher temperatures are reached. 


SUMMARY OF RESULTS 

The following deductions may be made upon ex- 
amination of the above results. 

1. That with an increase in the carbon content of 
a plain carbon steel, the thermal conductivity is de- 
creased, the effect becoming less as the temperatures 
are elevated. 

®. When plotting curves showing the relationship 
between thermal conductivity and chrome content 
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(starting with .02% carbon steel as the first point) 
at each individual temperature, it is found that this 
property decreases with the increase in chrome for 
all temperatures up to 800° C. (1472° F.). At this tem- 
perature the thermal conductivity decreases until the 
percentage of chrome exceeds 13%. After this point 
on the curve, it turns upward. The same holds true 
at 900° C. (1652° F.) and 1000° C. (1832° F.). 

There is some significance attached to the above. 
As the percentage of chrome in chrome irons exceeds 
approximately 13 to 15%, (depending upon the car- 
bon content), the susceptibility to hardening by heat 
treatment is practically non-existent from a commer- 
cial standpoint. They are then outside of the “gamma 
loop” found on the chrome-iron constitutional dia- 
gram. The importance is that the reversal in trend 
of the thermal conductivity curve for increasing 
chrome first occurs at 800° C. (1472° F.). 

3. The addition of %/9%% nickel to 17/19% 
chrome has little effect at low temperatures, but at 
high temperatures the effect is very marked indeed. 
The values increase sharply as the temperature is 
raised. At 900° C. (1652° F.) the thermal conductivity 
is higher than that found for all steels, chrome irons, 
and chrome-nickel-silicon steels tested. 

4. The addition of 2/3% silicon to the austenitic 
chrome-nickel steels of the compositions reported, 
appears to lower their thermal conductivities at all 
temperatures at which tests were made. Their con- 
ductivity curves remain horizorital at the lower tem- 
peratures, and then gradually assume an upward 
trend at the higher temperatures, but at no point ap- 
proach the thermal conductivity for 17/19% chrome, 
7/914% nickel steel. In fact, this suppressing effect 
of high silicon is more marked when making this 
comparison at the highest temperatures. 


OVERALL HEAT TRANSFER COEFFICIENT 


It is interesting to note the changes in thermal con- 
ductivity taking place for various materials when 
their compositions are altered. In certain cases these 
changes are of utmost importance and their effect 
must not be minimized. This holds true in a number 
of industrial applications. However, in the refining 
industry, particularly with reference to such applica- 
tions as condenser tubing, heat exchanger tubing, and 
still tubes, other factors enter the problem and in 
many instances, are the determining ones. 

As an illustration, take a cracking coil vapor heat 
exchanger whose tubes have a tube wall temperature 
of let us say 400° C. (752°F.). One has to consider 
the following factors in arriving at a figure for “over- 
all heat transfer coefficient.” 

1. Film coefficient of condensing vapor on the out- 
side of the tubes. 

2. Transfer through foreign substances precipi- 
tated on the outer surface of the tubes. 

3. Transfer through products of corrosion on out- 
side of the tubes. 

4. Thermal conductivity at 400° C. (752° F.) of the 
tube wall of the steel or iron used. 

5. Transfer through products of corrosion on in- 
side of tubes. 

6. Transfer through foreign substances precipi- 
tated on the inner surface of the tubes. 

7. Film coefficient of the oil on the inside of the 
tubes. 
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The above may be expressed by the following 
equation : 
1 


1 1 l 1 1 1 1 
eet ha ey 
hy hp he hw h’c h’p ho 
where 
U is the “overall heat transfer coefficient” expressed 
in BTU /sq. ft. /deg. F. /hr. 
1 
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Suppose we were to design a heat exchanger such 
as mentioned above and in doing so, figure the rela- 
tive “overall heat transfer coefficients” for plain car- 
bon steel tubing and 4/6% chrome, .40/.65% molyb- 
denum steel tubing, by using the above formula. Be- 
cause of the known superiority of 4/6% chrome, 
.40/.65% molybdenum steel over plain carbon steel in 
its corrosion resistance and high creep strength at 
elevated temperatures, let us use a No. 12 gauge plain 
carbon steel tube and a No. 14 gauge 4/6% chrome, 
.40/.65% molybdenum steel tube. The thermal con- 
ductivity for a .02% plain carbon steel at 400° C: 
(752° F:) is 0.108 cal./cm./deg.C./sec. (the carbon steel 
tubes used in the refining industry are manufactured 


to specification No. 100 and would contain a larger: 


percentage of carbon and therefore would undoubted- 
ly have a somewhat lower thermal conductivity than 
that obtained for .02% carbon steel) whereas the 
value for 4/6% chrome steel is 0.075 cal./cm./deg, 
C./sec. (it is not believed that the small amount of 
molybdenum contained in the 4/6% chrome, .40/.65% 
molybdenum steel—which is the LoCro 46 Mo. type 
—will cause much change if any in the thermal con- 
ductivity reported for 4/6% chrome steel). 

The conversion factor of 241.9 is used in order to 
convert these values into BTU/sq. ft./deg. F/hr. The 
resistances for the various factors which are the re- 
ciprocal of the heat transfer coefficients are tabulated 


below. 
No. 14 Gauge 
4/6% Chrome 


No. 12 Gauge 40 /.65% 
Plain Carbon Steel Molybdenum Steel 
Vapor 0.01135 0.01135 
Outer Deposit 0.004 0.004 
Outer Corrosive Layer 0.00102 
Tube Wall 0.000347 0.000381 
Inner Corrosive Layer 0.00102 
Inner Deposit 0.00333 0.00333 
Oil 0.00397 0.00397 
0.025037 0.023031 


The factor for the corrosive layers was based on a ther- 
mal conductivity of 0.725 BTU/sgq. ft./deg. F./hr/foot 
of thickness and an estimated thickness of 1/100” on 
each side of the tube wall. This value of 0.725 was 
reported as “rust” by Nelson’. 


From the above an “overall heat transfer coefficient” 
for the plain carbon steel tube of 39.9 BTU/sq. ft./deg. 
F./hr. is calculated and 43.3 BTU/sgq. ft./deg.F./hr. for 
the 4/6% chrome, .40/.65% Molybdenum Steel tube, 
a difference of 8.5% increase in transfer rate for the 
latter. In actual practice this increase will not be as 
great as indicated, for in time 4/6% chrome, .40/.65% 
molybdenum steel corrodes, but at a far slower rate 
than plain carbon steel. An advantage for the 4/6% 
chrome, .40/.65% molybdenum steel would of course, 
be that because of its superior corrosion resistance, 
cleaning of tubes need not be resorted to as often as 
in the case of plain carbon steel tubes. 

It is understood that because of the lack of suitable 
data in the refining industry on the resistance of the 
corrosive layers, in actual practice an attempt is made 
based on experience with various types of equipment, 
to include this factor in the “fouling” factor (deposits). 
The writer feels that a real effort should be made to 
determine this corrosive layer factor for plain carbon 
steel, semi-corrosion resistant steel, and corrosion re- 
sistant iron and steel tubes such as are now in use. 
There would undoubtedly be instances where with such 
information available, a considerable saving in the cost 
of the equipment could be had by taking the fullest pos- 
sible advantage of the superiority of the alloy iron and 
steel grades. 

High chrome-irons such as 18/23% chrome have been 
reported as standing up very well when used in the 
form of heat exchanger tubes operating at high tem- 
peratures and under very corrosive conditions. Their 
increased corrosion resistance will also probably enter 
into the calculations to such an extent so as to result in 
“overall heat transfer coefficient” values higher than 
obtained on the plain carbon steel tubes. 


When we consider the effects of substituting 4/6% 
chrome, .40/.65% molybdenum steel tubes or 17/19% 
chrome, 7/91%4% nickel, .07% max. carbon steel tubes 
for plain carbon steel tubes in a still operating at a 
temperature where the tube wall temperature may be 
approximately 600° C. (1112° F.) or higher and where 
the inner walls of the tubes are exposed to the products 
of corrosion encountered in a sour crude stock, it is 
plainly evident why these two grades will have an 
“overall heat transfer coefficient” higher than that for 
plain carbon steel. In still tubes a somewhat greater ad- 
vantage may be taken of higher creep strength and cor- 
rosion resistance by a reduction in tube wall thickness, 
usually to a greater degree than in the case of heat ex- 
changer tubes. Generally, the maximum tube wall re- 
duction is never made use of for a number of reasons, 
such as: 

1. Because of mechanical limitations. 


2. An additional factor of safety is obtained by not 
reducing to the lightest permissible wall, and 


3. A greater tube life is thereby obtained. 

Nevertheless, a sufficient reduction is taken which 
will have an important effect on the value obtained for 
the “overall heat transfer coefficient.” 

Some stills operate at a temperature where the tube 
wall temperature is higher than 600°C. (1112°F.). 
Either the 17/19% chrome, 7/91%4% nickel, .07% max. 
carbon steel or the same containing titanium has been 
used to advantage. The grade containing titanium is now 
being used for the tubes operating in those sections ol 
thermal polymerization units where the temperatures and 
pressures are very high and the corrosion is severe. It 1s 
not believed that any refinery engineer would adopt 
plain carbon steel for this purpose. However, at such 
high temperatures as it is reported thermal polymeriza- 
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tion units operate, one can readily see that the chrome- 
nickel steel grade containing titanium would have an 
“overall heat transfer coefficient” considerably in excess 
of that determined for either plain carbon steel or for 
that matter, 4/6% chrome, .40/.65% molybdenum steel. 

Many other illustrations could be made, but those 
mentioned above are sufficient to emphasize the fact 
that although one steel or iron may have a somewhat 
inferior thermal conductivity as compared to another 
grade at an individual temperature—particularly so in 
the lower temperature ranges—other factors enter the 
equation which almost invariably over-balance the effect 
of small differences in that property on the final “over 
all heat transfer coefficient” arrived at. 

Before concluding this section on “over all heat trans- 
fer coefficient,’ let us study the results reported for 
aluminum. One would certainly say that this metal has 
a thermal conductivity much higher at a given tempera- 
ture than plain carbon steel or any of the other steels 
and irons reported. But, although its heat capacity is 
very large in terms of calories per gram, such an ad- 
vantage disappears when it is considered that because 
aluminum has far less grams per cubic centimeter than 
steel, a unit volume of the former would probably have 
approximately the same heat capacity as the same 
volume of a steel. 


CONCLUSIONS 


Based on the data presented in this paper, it is found 
that for fairly low temperatures, plain carbon steel is 
somewhat superior in thermal conductivity to low chrome 
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steels, chrome irons, chrome-nickel steels, and chrome- 
nickel-silicon steels. As the temperature is increased, 
points are reached for certain grades where the superi- 
ority is reversed, i.e., the plain carbon steels are inferior. 

Of vital importance to the refinery engineer is the 
fact that superiority in corrosion resistance and creep 
strength affects the result obtained for “overall heat 
transfer coefficient” to such an extent that small differ- 
ences in thermal conductivity become very insignificant 
in the final analysis. In other words, if corrosive con- 
ditions exist and high creep strength is desirable, the 
proper consideration is given to the effects of these 
properties on the “overall heat transfer coefficient,” it 
is concluded that the values for the alloy irons and alloy 
steels are in practically all instances higher than for 
plain carbon steel, the degree being dependent upon the 
grade selected and the height of the temperature at 
which the equipment will operate. 
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Chrome Nickel Moly Alloy (Cast) 





IMPROVED 


18.5% 


Broken After Heating at 1800 deg. F. for 1000 Hours. 


Chrome-Nickel-Molybdenum 
Alloy for Oil Still Tube Supports 


DR. C. LCLARK 
Research Engineer, University of Michigan 
and 
ROGER STUART BROWN 


Vice President of Calorizing Company 


HEN cracking-still furnaces were small, the 
minimum feasible casting thickness often gave a 
surplus of strength in the tube supports. With the ad- 
vent of very large units, such as have become popular 
in the past few years, the loads to be carried on con- 
vection-tube supports and the span over which they 
were carried made imperative a design based on the 
load-carrying ability of the metal at high temperature. 
This led to thorough creep testing of available mate- 
rials. The measure of high temperature load carrying 
ability is the stress which will produce a creep rate of 
not over 0.01 percent per 1000 hours (1 percent—100,- 
000 hours), since this will not exceed say 3% of 1 percent 
creep in a total of 75,000 hours life. Usually in design 
some factor of safety is taken on this creep stress, the 
working load customarily being chosen as 75 percent 
of the stress for 0.01% / 
1000 hours creep. 
With increasing size of 
convection tube plates the 
necessity for another 


property became  appar- 
ent. In large castings 


great temperature differ- 
ence stresses exist. A web 
and flange will endeavor 
to expand differently if at 
different temperatures and 
working of- the metal be- 
yond the elastic limit will, 
in time, cause cracks. Per- 
manent ductility is neces- 
sary to resist these forces 
successfully. 





Tube support for Universal 
Equi-Flux unit. 


A large number of alloys in the popular range of 


Chromium 25-28 percent. 
Nickel 10-12 percent. 
Carbon 0.20-0.45 percent. 

A wide range was found in the properties of creep 
stress and permanent ductility. To establish some stand- 
ard of the latter new property, all materials were held 
1000 hours at 1800° F. and then pulled cold, the elonga- 
tion being compared with that obtained after 24 hours 
heating. Depending upon different manufacturing 
methods, as melting and slagging technique and changes 
in minor elements, such divergent results were obtainéd 
in the 25-28 percent chrome—10-12 percent nickel al- 
loys as 

Permanent Ductility 
(Elongation cold after 1000 hours at 18(0° F.—0% to 24%) 
Creep Strength 
(1% in 10,000 hours at 18C0° F) 1200 Ibs. to 2300 Ibs./sq.in. 

A thorough investigation of these properties was 
made in the University of Michigan Laboratories on 
some 32 alloys in the range 25-28% chrome, 10-12% 
nickel 0.20-0.50 carbon and a few higher in chrome and 
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Tube support assembly for M. W. Kellogg Company 
32,000 barrel capacity still. 
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nickel. Various m:nor elements and manufacturing 
methods were tested. As a result, a combination was 
found of certain melting technique which, with the addi- 
tion of substantial molybdenum content, gave very high 
creep strength coupled with high ductility as cast. After 
a few hours heating there is some drop in ductility, but 
there is no drop between 24 hours and 1000 hours at 
1800° F., thus denoting high temperature stability not 
found in the usual commercial chrome nickel alloys of 
this type which we have had under investigation. 

Creep is sensitive indicator of differences in metals. 


TWO NEW 


Since creep varies in these chrome nickel alloys between 
the 6th and 7th power of the stress at 1800° F., a 
slight difference in stress results in very large differ- 
ences in the creep rate. To exhibit the range of varia- 
tion in the combination of these properties we present 
three alloys thus compared. 





All 25-28% Chr Creep with Elongation 2” 
10-12% Ni 1250 Ib. stress Cold After 1000 
0.20-0.40 C at 1800° F. Hrs. at 1800° F. 
Calite B-28( Moly.) 0.004%/1000 Hours 18.5% 
Alloy 2 0.003% /1000 Hous 3.3% 
Alloy 3 13.0 %/1000 Hours 


The physical properties of the improved chrome- 
nickel molybdenum alloy — Calite B-28— before and 
after heating at 1800° F. are: 


As Cast—Tested at Kkoom Temperature 


Pensie. SOM iss is cases ss eure bower eenee 90,900 pounds 
ACLS OP ROR oak ok oho dare osc kek eei ee eae 42,700 pounds 
POMMRTION TZ oi od ok cy dais a ee 27.0 percent 
MOGUCTION OF PPCR. cc. ine codecs eae erie 24.3 percent 


Heated 24 Hrs. 1800° F.—Tested at Room Temperature 
Lense Strmmatle: 555-62 5c; ocak eee ee 90,875 pounds 
MN PAIGE. oy oak So ee ee ncn ud Ae ee 53,425 pounds 


PROMO Eos ois bcwisuds os ka aE Se 16.5 percent 
ROGUCMON OF ALOR 5. oii. y tec ch kas oe eee as 14:3 percent 
After Heating 1000 Hrs.—1800°F.—Tested at Room Tempera- 
ture 
"LONSHS SARON Co Soe os Fa en ee 84,275 pounds 
Fe NO Ge os cn bd pee cts Seana 48,250 pounds 
DAMON TED 55-6 iw ken kes eS pase em 18.5 percent 
POMOC GE APOR.. «6 60505055 eee eee 16.8 percent 


Creep Strength 
Stress for 0.01%/1000 hours at 1800° F.—1500 pounds 


Stress for 0.1% /1000 hours at 1800° F.—2000 pounds 
Stress for 0.1% /1000 hour at 1600° F.—2800 pounds 


Carbon Molybdenum Tubes 


For Polymerization Units 
Operating at 1200° to 1450° F. 


URING the past year refinery design engineers 
have felt the need of higher temperatures and 
pressures for thermal polymerization and in crack- 
ing residuums at high heat inputs. For conditions 
beyond the strength and oxidation limitations of the 
popular 4-6% Chrome—0.50% Moly steel, there 
have been developed two Calorized steels both con- 
taining substantial amounts of Molybdenum. 
The first of these contains 2.25% Chromium and 
100% Molybdenum, the surfaces inside and out 
ting Calorized (a 1/32-inch deep surface alloy of 
$5% Aluminum in the steel). This steel adds the 
considerable corrosion resistance of the Calorized 
layer to the corrosion resistance of 2.25% Chrome 
in the underlying steel and may be used in fairly 
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ROGER STUART BROWN 


Vice President, The Calorizing Company 
Pittsburgh, Pennsylvania 


corrosive conditions. The Calorizing on the outside 
confers immunity from scaling at temperatures up 
to 1500%F. continuously. The combined Chrome 
and unusually high Molybdenum content confer 
2% times that of the 4-6% Chrome—0.50% Moly 
steel. 

The second steel is a Calorized Carbon-Molybde- 
num (1.50% Molybdenum) material. Due to the 
protection of the Calorizing this may be used under 
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| Elong. 40%. 
Not Calorized 


slightly corrosive conditions, the Calorizing protect- 
ing the outside from scaling up to 1500°F. 
This Calorized 1.50% Moly steel has high creep 


Elong. 2.41% 








5% Cr. + 5% Cr. + 1.50% Mo. 
0.50% Mo. 0.50% Mo. 
487 Hrs. 600 Hrs. 600 Hrs. 


Elong. 0.37% 
-—Calorized Specimens ——~ 


Specimens tested at 1400 deg. F. Load 2,000 pounds per square inch. | 


year for highly corrosive applications at high tem- 
perature. 
Below is given the creep strength properties of 
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FIGURE 1 


¢ . 
Outside view of Stratcold treating plant shows water washers soda settlers and blow cases in foreground. 


Advantages of Stratcold 


Process Demonstrated 


J. AA ALTSHULER, 


Vice President Stratford Engineering Corporation 


F. G. GRAVES and E. S. BROWN 


Research and Development Department, 
Standard Oil Company of California 


A STRATCOLD acid-treating plant of latest de- 
sign was installed as an integral part of Wil- 
shire Oil Company’s new refinery, completed during 
1936, at Norwalk, California. 

This Stratcold plant was designed for the treat- 
ment of 5000 barrels daily of cracked distillate manu- 
factured in the latest type of Dubbs full-flashing 
cracking unit from a blend of Huntington Beach and 
Santa Fe Springs reduced crudes. Contactor-centri- 
luge treatment at controlled low temperatures was 
selected in order to meet the finished product speci- 
heations at lowest overall cost. 


DESCRIPTION OF PLANT 


The basis of design of this plant was a combina- 
tion of two processes well known in the commercial 
acid treatment of pressure naphtha; namely, cold 
treatment and contactor-centrifuge treating. Several 
Unique features, as later described, were added to 
this combination. Figure 1 is an outside view of the 
plant as a whole with its acid and soda supply blow 
Cases, water wash, and soda neutralization equip- 
ment. The plant is divided into two parts, one hous- 
ng the refrigerating equipment, as shown in Figure 

, and the other the contactor- centrifuge acid treat- 
ing equipment which is shown in Figure 3. 

The treating system may be readily followed 
from a flow sheet of the plant, Figure 4. Briefly, the 
Process is one of three-stage counter-current flow 
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Commercially 


in which contactors are used for intimately dispers- 
ing and contacting sulfuric acid with the naphtha 
to be treated, and centrifuges are used for rapid 
separation of the treated naphtha from the acid 
sludge. Both of the preceding operations are carried 
out under controlled low-temperature conditions, the 
heat of reaction being absorbed in the contactors as 
created. 

In order to obtain most efficient treating results, 
this plant has been equipped with automatic control 
instruments for regulation of the naphtha feed to 
the unit, the acid and caustic soda feeds, and the 
temperature at which treatment takes place. Auto- 
matic control instruments have been used throughout 
with control valves especially designed to operate 
on small quantities of chemicals. The method of tem- 
perature control will be included in a later descrip- 
tion of the refrigeration cycle. Figure 5 is a repro- 
duction of a typical chart showing the control of 
acid fed to the system, and Figure 6 is a typical 
temperature-control chart showing the uniformity 
of regulation. 

For the dispersion of the acid and its adequate 
contacting with the naphtha to be treated, high- 
dispersion refrigerating contactors are used. Me- 
chanical energy is used in these machines to impart 
high velocity to the materials to be contacted and 
full advantage is taken of a plurality of changes of 
velocity and direction within the machine. The heat 
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of reaction between naphtha and acid is absorbed, 
as created, by a tube bundle installed in the end of 
the machine. The cooling is provided by direct 


expansion of ammonia. A cross section of the con- 


tactor is shown in Figure 7. 

As a means of effecting immediate separation, the 
mixture flows from the contactor in each stage to 
four centrifuges which operate in parallel. A fifth cen- 
trifuge is provided in each stage as a spare. The 
centrifuges are direct driven by explosion-proof 
motors of special design and operate at a synchro- 
nous speed of 7500 rpm. In order to operate at this 
synchronous speed, high-frequency electric current 
is required. This is manufactured by a frequency 
changer included in the plant for this purpose. The 
centrifuges, shown in cross section in Figure 8, are 
totally enclosed and vapor tight. 

Owing to the nature of materials being handled; 
i.e., separated naphtha and acid sludge, special pump- 
ing equipment is necessary to make possible inter- 
stage and final pumping without vapor binding. Ver- 
tical centrifugal pumps are employed (cross section, 
Figure 9) in which it is possible to satisfactorily 
vent the vapor released in the eye of the impeller to 
a vapor recovery system. The vertical pump is par- 
ticularly applicable to this type of service, since 
none of the acid-bearing materials are in contact 
with the stuffing box, which is in contact only with 
vapor under suction pressure. Rate of discharge of 
the vertical hydrocarbon pumps is regulated by 
flanged type liquid-level controllers with which they 
are equipped. 


The Wilshire treating plant was designed with 
very careful consideration given to providing opti- 
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FIGURE 2 


Ammonia Refrigerating Plant 





mum controlled temperature with least possible ex- 
penditure for ammonia refrigeration. 

The refrigerating contactor makes it possible to 
absorb the heat of reaction as evolved, thereby rais- 
ing the temperature level at which this quantity of 
heat is absorbed, resulting in an increased suction 




























































































FIGURE 5 
Typical Chart record of the fresh acid feed control 
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FIGURE 3 


Treating section showing centrifuges 


pressure on the refrigerating machinery. Elevated 
suction pressures of the compressors make possible 
increased capacity in tons of refrigeration per ma- 
chine and materially reduce the electric power re- 
quirements per unit of refrigeration: To further 
reduce the power requirements, spray-type chillers 
were installed to provide excess transfer surface over 
the amount that it is feasible to install in the con- 
tactors. Vertical pumps of the same design, as 
described for the inter-stage distillate and sludge 
pumps, circulate liquid ammonia through the cooling 
surface of the refrigerating contactors, after which 
the same liquid ammonia is used to spray-cool the 
distillate passing through the coils of the chillers. 
The vapor from both chiller and contactor is re- 
leased to the suction of the compressor through.a 
vapor-liquid separating head in the top of the chiller. 
The desired temperature of the acid-naphtha mixture 
leaving the contactor is automatically maintained by 
- a recording temperature controller. The valve of 
wa fe this instrument regulates the ammonia evaporation 
BS ta pressure within the chiller and consequently the 
temperature of the liquid ammonia circulating 
FIGURE 6 through the system. 


Typical temperature control chart of the acid-naphtha Four vertical ammonia Compressors, with acces- 
mixture leaving the contactors sory equipment, do the refrigerating work required 
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FIGURE 4 


Flow diagram of the treating process 


in this installation. They are arranged so that, under 
full design operating conditions, one pair of com- 
pressors driven by a common synchronous motor, 
provides the refrigeration required in the first and 
second stages of the treating plant. The other two 
compressors, individually synchronous motor driven, 
operate on the third stage (the fresh acid stage where 
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highest temperature rise occurs). The compressors 
are built so that a portion of their capacity may be 
by-passed, if desired, and they are manifolded to 
make possible most efficient and flexible operation 
at varying throughput and acid rates. 

Full advantage is taken of the low temperature 
of the outgoing treated naphtha by a battery of heat 
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FIGURE 7 


Cross section of the refrigerating contactor 
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Cross section of the acid con- Cross section of the vertical re- 
tacting centrifuge ceiver type centrifugal pump 


exchangers for reduction of the temperature of the 
charge to the plant to within approximately 15° F. 
of the temperature of the outgoing oil. The acid 
treated naphtha leaving the heat exchangers is thor- 
oughly water washed in two-stage water washing 
equipment and neutralized by means of two-stage 
soda application; in the latter operation, intimate 
contact is assured by the use of standard contactors. 


OPERATING RESULTS 


After the completion of the acceptance test runs 
in August, 1936, through the courtesy of Wilshire 
Oil Company, arrangements were made to conduct 
a series of test runs covering a wide range of operat- 
ing conditions. 

The purpose of this program was to make a study 
of the effect of variables in plant operation on treat- 
ing efficiency, stock losses, and reagent and utility 
requirements. A careful record was kept throughout 
of all operating conditions, temperatures, pressures, 
ete. Continuous composite samples of raw and 
treated stocks were taken during each test. Owing 
to the difficulty of segregating, in the refinery, stocks 
of any individual test run and for the sake of uni- 
formity, all redistillations were made in the labora- 
tory, using standard methods known to check com- 
mercial redistillation operation. The following is a 
brief discussion of the results obtained, facts estab- 
lished, and conclusions drawn from the test program. 


EFFICIENCY -OF TREATMENT (DESULFURIZA- 
TION-GUMS-COLOR 

Typical results on treatment of a representative 

faw naphtha, containing 0.40 percent sulfur, are il- 
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lustrated in Figure 10. It will be noted in this figure, 
that in addition to the desulfurization required, plus 
30 Saybolt color was obtained with 5 pounds of 98 
percent H,SO,. Gum content of 10 milligrams (At- 
lantic Refining Method) was obtained on the final 
sweetened gasoline by the use of 3.6 pounds of the 
same acid. It was also found that 4 pounds of acid 
were sufficient to give induction periods of over 8 
hours. 

It will be especially noted that the above data 
resulted from treatment at 30° F. in the first and 
second stages and 20° F. in the fresh acid stage. The 
commercial tests have definitely established the ad- 
visability of operating this plant at these tempera- 
tures for lowest overall operating cost for a given 
quality of finished product. 


VOLUMETRIC TREATING LOSSES 


Figure 11 is a graph of volumetric treating loss, 
expressed in percentage of the charge, against acid 
rate. The data, obtained from gages between the 
feed tank and the run tank for acid treated naphtha, 
are average figures. In reality, loss figures neces- 
sarily include any losses by evaporation from the 
raw feed tank as well as from the treated distillate 
run-down tank. The curve therefore represents a loss 
which is the sum of actual volumetric treating loss 
plus loss by evaporation. It is naturally well under- 
stood that treating loss is a function of the character 
of the distillate, the quantity of acid used for treat- 
ment, and the temperature at which treatment is 
carried out. That volumetric treating loss increases 
materially with increase in treating temperature is 
clearly shown by the curves for treatment at 40-40- 
30° F. and 60-60-60° F. 

It should be emphasized at this point that data 
shown for treatment at 60-60-60° F. in the three 
stages represent the result of treatment controlled 
at a maximum of 60° F. by means of ammonia re- 
frigeration. Had controlled temperatures not been 
used, maximum temperatures of 120° F. to 150° F., 
depending on the acid rate, would have been reached. 
It is obvious that had no control been used the 
losses accompanying such high temperature of treat- 
ment would have been many percent higher than 
those shown in Figure 11 for treatment at 60-60-60° 
F. The fact that at high uncontrolled temperatures 


EFFECT OF ACID RATE FOR TREATMENT AT 30-30-20°F ON SULFUR 
CONTENT, COLOR & GUMS IN FINISHED GASOLINE 


FIGURE 10 


Effect of acid rate on sulfur content, color, and gums of 
finished gasoline for treatment at 30-30-20° F. 
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FIGURE 11 


Effect of acid rate and treating temperature 
on treating loss 


(BASIS OF 390°F. END-POINT GASOLINE) 





FIGURE 12 


Effect of acid rate and treating temperature 
on polymerization loss 


OF ACID RATE & TREATING ON LOSS IN KNOCK RATING 
(BASIS OF 390°F END POINT GASOLINE) 





FIGURE 13 


Effect of acid rate and treating temperature 
on octane loss 


' much more acid is required for a given treating re- 


sult further accentuates the advantage of controlled 
temperature. 


POLYMERIZATION LOSS 


Polymerization loss vs. acid rate, as shown in 
Figure 12, represents the degradation of endpoint 
gasoline to hydrocarbons of higher molecular weight 
and boiling points above the gasoline range, and is 
separate and distinct from the volumetric treating 
loss shown in Figure 11. All polymerization losses 
were calculated in accordance with the following 
formula: 





% Gasoline in % Gasoline in 
100 « Raw Naphtha -- Treated Naphtha 
% Gasoline in Raw Naphtha 


The gasoline content in each case was determined 
by the actual measurement of endpoint gasoline pro- 
duced in a glass laboratory still equipped for highly 
efficient fractionation. In order to eliminate, as far 
as possible, the errors of the A.S.T.M. distillation, 
yields for a given endpoint were selected from a 
curve established by distillation to three different 
endpoints. The detrimental effect on polymerization 
loss of treatment at higher temperatures is also 
shown in Figure 12. Here again, as in the case of 
volumetric treating losses, it should be pointed out 
that the temperatures were all controlled at the 
values shown. Elimination of temperature control 
and the resulting excessive temperatures would have 
caused a marked increase in polymerization losses for 
a constant acid rate and a still greater increase for 
the same degree of refinement. 


DEGRADATION OF OCTANE NUMBER 


All octane number determinations were made by 
the C.F.R. Motor Method with humidity control. 
The engine was periodically checked for accuracy. 
All knock ratings were taken from a curve of knock 
rating vs. endpoint established by determinations 
on gasolines of three different endpoints. Loss of 
octane number for various rates of acid treatment is 
shown in Figure 13. The very low loss in octane 
rating, even at high acid rates and treating tempera- 


tures as high as 60-60-60° F., should be especially 


noted. 


POWER REQUIRED FOR REFRIGERATION 


The amount of power required for refrigeration at 
various acid rates and treatment ot 30-30-20° F. is 
shown in Figure 14. The refrigeration required for 
treatment at low temperatures is dependent upon the 
heat of reaction for any given acid rate on any given 
distillate. This varies widely with the nature of the 
distillate as determined by its source and conditions 
under which it was manufactured. Examination of 
this chart clearly discloses that the cost of refrigera- 
tion is very small when compared with the total cost 
of acid treatment. 


NEUTRALIZATION REQUIREMENTS 


Low chemical requirements for neutralization are 
characteristic for naphthas acid treated at low cot 
trolled temperatures. In the case of this installation, 
even at acid rates of 15 pounds to the barrel, the 
caustic soda required for neutralization did not ex 
ceed 0.20 pounds per barrel. 
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CHARACTER OF SLUDGE 


The acid sludge from this process is readily hydro- 
lyzable into dilute acid and acid oil satisfactory for 
use as refinery fuel. A very high percentage of weak 
acid may be recovered as compared to the total acid 
content of the sludge. The content of carbonaceous 
material is sufficiently low to make possible concen- 
tration of this weak acid to usable strength in con- 
centrators of conventional design. 


CORRELATION—PLANT VS. LABORATORY 


It has been previously well established that there 
is very definite improvement in efficiency of three- 
stage counter-current treatment at controlled low 
temperatures over the best that can be accomplished 
in the laboratory with a single stage. 

The guaranteed performance of the Wilshire treat- 
ing plant was based on such correlating data, which 
have been further substantiated during the test runs 
on the plant. This correlation is shown in Figure 15. 
It should be carefully pointed out, however, that 
such a correlation is applicable only to treatment at 
low temperatures, and that at normal treating tem- 
peratures without temperature control it does not 
apply. Furthermore, it has been found that it is dif- 
ficult, if not impossible, to duplicate in commercial 
atmospheric temperature acid treating plants having 
no temperature control, even with multi-stage oper- 
ation, the results to be had in a single stage in the 
laboratory under the same conditions. In other 
words, while commercial cold treatment makes pos- 
sible acid savings of 40 to 50 percent over laboratory 
cold treatment for the same degree of refinement, 
commercial treatment without temperature control 
requires the same or more acid than the laboratory 
treatment at comparable temperatures. This means 
that no laboratory investigation 
will disclose the advantages of 
treatment at controlled tempera- 
tures without full knowledge of 
the plant-laboratory correlations 
involved. 

A report of the operation-of this 
Stratcold treating plant, as out- 
lined herein, is not complete with- 
out calling attention to the marked 
superiority of the results disclosed 
over those obtainable by acid treat- 
ing methods without temperature 
control. Such treatment results in 
higher acid requirements for the 
same degree of refinement, great- 
er treating and polymerization 
losses, and substantial increase in 
loss of octane number. When eval- 
uated, these differences are found 


to be of great economic signifi- 
cance. 
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POWER REQD. FOR REFRIGERATION - KWH PER BBL. 


EFFECT OF ACID RATE ON POWER FOR REFRIGERATION 
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FIGURE 14 


Power requirements for refrigeration when treating at 


30-30-20° F. 


with various acid rates 


CORRELATION BETWEEN THREE STAGE STRATCOLD TREATING 
PLANT & LABORATORY SINGLE STAGE TREATMENT 





FIGURE 15 


Relation between acid requirements in laboratory single stage treatment 
at 20° F. and three stage Stratcold treating plant at 30-30-20° F. 
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Solvent Refining... 


A Study of Its 
Molecular Physics 


DR. S. KYROPOULOS* 
Pasadena, California 


PART II 


1. SUMMARY OF THEORETICAL PART WITH 
REFERENCE TO PRACTICE 


(a) Solvents ——The liquid state is a state of “order” 
in so far as the molecules of any liquid form orderly 
association complexes of continuously varying size 
which are held together by the molecular forces. 

According to our present knowledge there are 
three kinds of forces: the dipole-, induction- and dis- 
persion-forces. The dipole-forces become effective 
and dominant between strongly polar groups or 
bonds (C-Cl, C-NO,; C-OH; C-COOH etc.) be- 
tween different molecules and within the same mol- 
ecule. The permanent electric moments (dipole mo- 
ments) of the C-H-bond are so small that within 
and between hydrocarbon molecules it is the dis- 
persion-forces which become, practically exclusively, 
effective. Induction-forces become effective between 
polar groups and non-polar molecules or groups, the 
former inducing moments in the latter. Induction 
means deformation of the outer electron systems of 
the atoms. The polarizability * of a molecule and its 
anisotrophy, measured by the molar refraction and 
the Kerr-effect respectively, is a measure for the de- 
formability of the outer electron system. All of the 
three effects result in attraction. 

Thus, in the polar liquids the first step of associ- 
ation takes place between the polar groups. The 
second step is, notably with larger molecules, in 
general, essentially further association by dispersion 
forces. In non-polar liquids association is practically 
exclusively due to the dispersion-forces. 

Solvent extraction consists, in principle, in the re- 
placement of one partner of a complex of non-polar 
molecules by a polar one and removal of the new 
complex into the solvent layer. This means the for- 
mation of solvates between polar and non-polar mol- 
ecules, which are held together both by dispersion 
and induction forces. Of course, the removed partner 
may be as well a polar molecule, e. g. an “impurity” 
containing sulphur. 

The active unit of the polar solvent will, in gen- 
eral, scarcely be a “chemical” unit but an association 
complex, perhaps a double molecule. Starting from 
the “chemical units,” we can say: small polar molecules 
will “react,” in this sense, i.e., induce moments in the 
non-polar molecules, with their resulting moments, while 
large molecules with more than one (strongly) polar 
group, e.g., di-substituted benzenes, will react with the 
individual moments of their polar substituents and the 





*Former Professor of Physical Technology in the University of 
Goettingen, Germany. 


[NX Part I an attempt was made toward an approach 

to a systematic theory of solvent refining based 
upon experimental research on molecular forces 
and their origins. In the present discussion the 
theoretical considerations are applied to the indi- 
vidual solvents or groups of solvents by briefly 
pointing to their essential physico-chemical char- 
acteristics. The object is to facilitate the selection 
| and development of solvents for refining purposes. 





more so, the farther apart they are within the molecule. 
This applies both to dipole association and to solvate 
formation with non-polar molecules. 

The tendency of e.g. a di-substituted benzene towards 
dipole association will be weaker when the polar groups 
are located in the ortho-position by mutual induction of 
these groups (“ortho-effect”) and “internal” associa- 
tion. A similar weakening of association occurs as the 
chain is lengthened or branched in a hydrocarbon mol- 
ecule with polar head (alcohol, fatty acid), notably when 
the branching is near the polar group: screening effect. 
The induction effect of a polar group (or of the polar 
groups of an association complex) upon any neighbor- 
ing molecule decreases with increasing screening of the 
moment of the polar group. This means: by controlling 
the accessibility (= screening) of a dipole moment 
within a molecule or its magnitude (here e. g. ortho- 
effect) we may control the selectivity of its solvent 
power, by controlling the inductive power of the polar 
bonds. 

Two factors of equal importance in a solvent molecule 
(or molecule complex) are its polarizability and the size 
of the molecule, both determining the dispersion-forces 
which, in addition to the induction-forces, play a great 
part in the formation of solvates in oil extraction. The 
polarizability (*) enters the formula of energy directly, 
the size, under comparable conditions, enters the formula 


“in so far as it represents the number of atoms of which 


the molecule is composed and, thus, the number (n) of 
valence electrons present (see Part I, section 4 and 
reference 14). 

A simple and well known example illustrates the 
“size”-factor: an alcohol with a long paraffin chain dis- 
solves more hydrocarbon than an alcohol with a short 
chain, because the energy of the dispersion-forces (num- 
ber of C-atoms, “area of possible molecular contact”) 
increases with chain length. 

It is obvious that this area of contact may be varied 
to a certain extent by controlling the operating tem- 
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perature, thus influencing the density and the size of 
the complexes in the liquid. The light paraffins ethane, 
C,H,, propane, C,H, and butane, C,H,,, are good ex- 
amples of this point with regard to their solvent char- 
acteristics for hydrocarbons. 

So far as polar solvents are concerned, the effect of 
increasing the operating temperature will not be con- 
fined to a density effect upon the dispersion—and in- 
duction forces. The dipole alignment effect depends 
directly upon temperature as explained in a previous 
article? In this case the composition of the complexes 
is changed with respect to their polar characteristics, 
the complexes due to dipole-association tending to dis- 
sociate as the temperature increases. 

(b) Oils —We have, so far, chiefly discussed the 
factors operative in solvate formation on the part of 
the first partner, the solvent used. Now we shall consider 
the essential characteristics of the second partner, or 
rather group of partners, the various components of the 


Edeleanu solvent recovery sys- 
tem, Courchelettes, France. 


oil. Our general considerations on the dispersion-forces 
in connection with the size of the molecules, “area of 
contact” etc., apply also in this case and need not be 
repeated. What we have to consider in connection with 
applications in this section is the polarizability « of the 
components of oil and its asymmetry. 

With the typical “impurities” of oil, the contamina- 
tions containing foreign atoms like sulphur, nitrogen, 
oxygen, etc., we must expect more or less strongly polar 
groups. These compounds are the first which are re- 
moved by the solvent and the factors governing solvate 
formation are the same which were considered in the 
previous section. 

With the typical oil hydrocarbons both the magni- 
tude and the dissymmetry of & are important, this value 
entering the equation of energy of the dispersion-forces 
in the denominator with its square. 

Paraffinic compounds, i.e., the C-C-bonds, have the 








lowest @-values, the C==C- and C = C-bonds having 
higher ones. 

Naphthenic nuclei with their generally less densely 
packed atoms and their more laminar structure have 
higher ¢-values. The maximal @ lies in the “plane” of the 
nucleus and has practically, more or less rotational 
symmetry, at least in the strictly plane ring-molecules. 


In the aromatic and related nuclei there are, more- 
over, six or more non-localized and therefore, as an 
integral p-electron cloud, more strongly polarizable elec- 
trons present. In the conjugated double bond there are 
four such “freer” electrons present and so on. It is 
obvious that with the aromatics and with any other 
structures, where there is a high value of « (sometimes 
combined with rotational symmetry) in a plane, there 
are more relative positions possible of neighboring 
molecules, favorable to solvate formation. 


Generally, we may summarize that the same factors 
influence also the forces of the induction effect on the 
oil molecules, resulting from polar solvent molecules and 
that, the more asymmetric a molecule is with regard to 
its polarizability, the more quite definite positions of 
mutual orientation, i.e., solvation effects, are favored. 


2. SOLUBILITY OF LONG-CHAIN COMPOUNDS 
IN OIL 

Among the various compounds contained in oil the 
normal paraffins are the easiest to remove by chilling 
and crystallization. From considerations of polarizability 
it follows that molecules with highly anisotropic ¢ and 
which present, moreover, the largest area of contact to 
neighboring molecules, will have the greatest tendency 
to form large complexes and to crystallize. The normal 
paraffins, their less branched isomers and the fatty acids 
belong to this class and are the less soluble, the longer 
the chains are. This tendency to crystallize will be fos- 
tered on adding any sort of small molecules which are 
soluble in the oil. The pour point of an oil, containing 
wax, will be lowered on adding molecules which form 
solvates with these long-chain molecules. Such additions, 
of course, can scarcely be found among compounds with 
ring structures which associate among themselves, but 
rather among moderately branched paraffins of large 
molecular weight. At any rate, rings must not dominate. 
Any additions to oils of polar compounds (e. g. for in- 
creasing “oiliness”) must be branched for the same 
reason if they are chemical individuals or they must 
contain branched polar compounds as “impurities” which 
form with them dipole association complexes and keep 
them in solution by’ preventing the formation of large 
homogeneous complexes, analogous to the case of the 
normal paraffins. This role of impurities in processes 
of crystallization is well known in preparative organic 
chemistry. 

3. PROPANE 


Propane is rather a precipitant and was correctly 
termed an antisolvent.? Its versatility is easy to under- 


stand because this case happens to be particularly simple, _ 


the only forces involved being the dispersion-forces. 
Temperature controls the size of the association com- 
plexes both perpendicular to and in the direction of the 
chain. Large complexes at higher temperatures may be 
preserved, if desired, by applying pressure, because this 
type of molecular force does not decrease with increas- 
ing temperature. It is obvious that a normal paraffin 
molecule of small size is particularly versatile, offering 
the possibility of building up complexes ranging in size 
from the monomolecule upwards to a very large size. 
There are no polar groups to complicate things by the 


splitting up of any products of dipole association with 
rising temperature. 


4. SULPHUR DIOXIDE 


This molecule is one of the best investigated of tke 
polar molecules. The moment of the S=O bond js 
1.6110", the resulting moment of the whole molecule 
is of the same size. The main polarizabilities are 549. 
27.2 and 34.9 10 respectively. The molecule has 

S 


triangular shape; Ca So ; 2nax lies in the di- 


O 


rection of the straight line through the oxygen atoms, 
In the liquid state strong association and strong polariz- 
ing (== induction-) effects on neighboring molecules are 
to be expected. The S==O moments are altogether ex- 
posed. The dipole-induction effect is dominant and de. 
termines the selectivity of this solvent in the extraction 
of the non-polar oils. 

5. In search for practical material for the application 
of the various conclusions reached we find a lot of valv- 
able experience scattered throughout the refining litera- 
ture. It is virtually impracticable to present and discuss 
all this matter in this paper and, on referring to such 
literature, the author wishes to express that the list of 
references is necessarily incomplete. If there was any 
leading principle of selection, it was this: (1) to use 
preferentially comprehensive studies which are con- 
cerned with the comparison of the practical merits of 
solvents; (2) studies on the use of solvents which 
found outstanding practical application. Any omissions 
have no critical meaning and it cannot be over-empha- 
sized that there may be much practical research work 
on commercially impracticable solvents and even on fail- 
ures in this field which may provide the most valuable 
clues for further development on the lines proposed here 

Ferris, Birkhimer and Henderson presented a compre- 
hensive study of 110 substances of which 21 were ex- 
haustively tested. We shall discuss in a general way a 
few of the findings of the authors, viz. the effect of 
separating temperature and of concentration of oil in the 
solvent layer. 

Small amounts of solvent appear to be sometimes (a) 
much less selective in their action (nitrobenzene, cresol 
at 10°C.) than large amounts; (b) lowering of tem- 
perature to 0° C. reduces this effect with nitrobenzene, 
aniline at 65° C. showing the effect only to a slight de- 
gree. The effect is of fundamental importance and ob- 
viously (1) an effect of dipole association and—dis- 
sociation and (2) an effect of dispersion forces. We 
have to bear in mind that the ‘“‘nitrobenzene” (or cresol, 
etc.) at 0° is different from “nitrobenzene” etc. at 10° 
and that in neither case we are actually dealing with the 
chemical unit. 

The authors do not mention which cresol shows the 
same effect as nitrobenzene. With o-cresol we might 
recognize in this case the effect of the adjacent CH; 
group. In this case the dipole moment is about 10 per 
cent smaller than the moment of phenol. It is interesting 
to note that Berger® found that aniline and phenol are 
much more strongly associated in proportion to their 
dipole moments than nitrobenzene. He attributes this 
tentatively to the looser binding of the H-atom and t0 
some intermediary stage between its dissociation, the 
association depending in.a characteristic way on the 
dielectric constant of the solution in which associatiol 
is measured. 

The effect of the quantity of solvent used on its s¢ 
lectivity may be qualitatively understood on considering 
that a small quantity of solvent molecule-complexes 
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more quickly surrounded and “saturated” by the most 
polarizable components of the oil than a large one. Once 
these complexes having formed such solvates, there is no 
reason why the new complexes should not bind less se- 
lectively, other less polarizable components of the oil. 
Among the other points in favor of suitability of 
solvents, mentioned by the authors, we find the ring 
structure. This is not surprising with regard to what 
was told above on its p-electron cloud. Thus, phenol 
must be superior to any paraffinic alcohol and benzalde- 
hyde and furfural superior to any paraffinic aldehyde, 
because the electric moments are more or less screened 
by dipole association in any case and what is mainly 
effective is the remaining part of the complexes. Dipole 
association characteristics appear mainly to determine 
separation characteristics in these cases. In the reduc- 
tion of efficiency by attaching aliphatic chains: nitro- 
benzene and phenol in contradistinction to o-nitro- 
toluene and cresol, we readily recognize the ortho-effect, 
resulting in the case of o-nitrotoluene in a decrease of 
the electric moment by 10 percent and a certain degree 
of “internal association” as compared with nitrobenzene. 
A less associated substance should, at a lower tem- 
perature, behave like a more strongly associated sub- 
stance at a higher temperature. This checks well with 
the behavior of nitrobenzene and anilin, found by the 
authors. ; 


The authors also take into consideration a parallelism 
between solvent characteristics and dielectric constant. 
From what was previously explained® it will readily be 
seen, that such simple relations are not to be expected, 
not even between solvent power and electric moment. 
Because, briefly, it is a long way from the dielectric 
constant and even the electric moment to the forces 
actually operating. That under certain quite special cir- 
cumstances, a parallelism is to be found between the 
dielectric constant of a liquid and dipole association was 
shown in an earlier paper.” 

A few general remarks on some of the more im- 
portant solvents, grouped together by the authors, may 
be useful. 

_ (a) Fatty acids—Dipole association decreases with 
increasing chain length by screening of the dipole; dis- 
persion-forces increase with increase of available area 
of contact and with the introduction of C—C-bonds 
(higher polarizability!). Introduction of halogen en- 
hances the polarizing properties of the solvent (di- 
chloroacetic acid). 

_(b) Alcohols—To the paraffin-alcohols the same con- 
siderations apply. Branching will tend to diminish sol- 
vate formation; when adjacent to the polar group, the 
screening effect will be greater, dipole association will 
be weakened. 

(c) Any cyclic structure, notably an aromatic one 
(p-electrons) : benzene-etc. derivatives, pyridine, quin- 
dline, furane, pyrrol will increase solvate formation, be- 
cause the differences of ¢ in the various directions of 
the molecule are very great and there are very different 
energy states of solvation, resulting in great selectivity. 
Introduction of strongly polar groups will influence 
association and, thus, the ‘effective’ sort of molecular 
sam apart from its influence on polarizing prop- 
erties. 

(d) Amines and nitro-aromatics—The characteristics 
of aniline were mentioned above. The position of any 
substituents within the molecule (chains etc.) will de- 
fermine finer differences according to the previous dis- 
cussion on the intramolecular action of substituents and 
the resulting influence on association. 

(e) Esters—Any esterification means in the first place 
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controlling dipole association characteristics by screen- 
ing the moment. Lengthening the chain means the same 
in this group; branching near the polar group means 
weakening its moment, thus influencing both polarizing 
and association characteristics, apart from its influence 
on the “area of contact” available. 


(f) Halides—Strong polarization effects on neighbor- 
ing molecules by the C-Cl-bond, notably where this bond 
is not too much influenced by adjacent strongly polar 


bonds (CCI,). 


(g) Ketones—Increasing screening of the moment 
by increasing chain length. The molecular characteristics 
of the ketones as to polarizability and rotational pos- 
sibilities of their end groups were explicitly discussed 
by Stuart. They may afford a valuable object for a 
closer experimental study in conjunction with their 
solvent characteristics. 


6. SPECIAL CASES 


(a) Ethylene-dichloride (= di-chloro-ethane, B. P. 
83.7° C.).° The suitability of this substance as a wax 
precipitant is mainly based upon its solvate formation. 
(induction!) with those compounds which keep wax in 
solution. The substance is interesting for its structural 
simplicity, its two strongly polar C-Cl-bonds and the 
possibility of free rotation around the C-C-bond. This 
possibility involves a dependency of the resulting mo- 
ment upon temperature of a sort which we have not as 
yet considered. This dependency affords both variable 
polarizing and association characteristics. 


The case of di-chloro-ethane was thoroughly investi- 
gated with regard to the potential energies of the vari- 
ous rotational isomers, unknown to and unimportant 
for chemistry but important to these problems.*° At 
ordinary temperatures the Cl-atoms are oscillating 
around a mutual position which corresponds to the 
trans-position in ethylene compounds containing the 
C=—C-bond. As temperature rises the amplitudes of 
torsional vibration increase, resulting in free rotation 
around the C-C-bond at very high temperatures. 

It might be well worth while to consider these impli- 
actions in further research work on the solvent or pre- 
cipitant characteristics of such substances. 

(b) Furfural\—This substance must be necessarily 
superior to an ordinary aldehyde, containing the much 
more polarizable p-electron cloud of the furane nucleus 
and having a much higher and altogether exposed dipole 
moment (3.57 against 2.7 108).1* Moreover, it has 
a laminar structure and a high anisotropy of %, both 
factors favoring solvate formation with nuclear com- 
pounds. 

(c) Chlorex (8-8’-dichloro-di-ethylether)** — This 
substance is considered as an almost ideal solvent by 
some authors.'*” For a better understanding of its char- 
acteristics we will briefly discuss the structure of di- 
ethylether from which it is derived and which is very 
well known."* Figure 1 is a representation of the atomic 
skeleton of ether, the points representing the centers of 
the C-atoms and the O-atoms. A better representation, 
showing the space which the atoms actually occupy with 
their electron orbits was proposed by Magat.’* Using 
the radii of action calculated by various authors* and 
the bond-radii calculated by Pauling’’, Figure 2 was 
drawn to demonstrate the space required, e.g., by the 
C-COOH- and C-OH-groupings, together with the dis- 
tances of the atomic nuclei, for comparison with the 
representation of Figure 1. We add this figure to obviate 
misleading conclusions from Figure 1 as to the space 
available for the free rotation of the CH,-groups. 

Returning to Figure 1 we see at a glance that, ac- 
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cording to the rule of Silberstein, %,, should lie in the 
direction of the length of the molecule with the CH,- 


groups in the positions I., indicated to the right by 1. 
In principle, these groups are free to rotate along the 
periphery of the base of a cone with the valence angle 
of the C-atom, about 110 degrees. The main polarizabili- 
ties were found to be: %,==112.6; *,=—70.7 and 
&,227/8/ X10". Asa matter of fact, %, is considerably 
gr eater than either of the others. This would not be the 
case if the CH,-groups would occupy position II., 
which position they would repel each other. Thus, posi- 
tion I. with slight oscillations (keeping the valence angle 
constant) is the actual position, as was also demon- 
strated by various other methods. 

The fact that the oxygen bonds make an angle (110 
degrees) is proven by the dipole moment 1.14 « 10° 
electrost. units, which should be zero for a rod-shaped 
molecule. Di-ethyl-ether is one of the few polar mol- 
ecules which show no dipole-association in the liquid 
state’, the moment being obviously screened. It shows, 
however, strong non-polar association by dispersion- 
forces.*® 


CHs 4 YS Ht 
\ 
\ 
\ Che “ / ' 
‘cH, on ‘a 
FIGURE 1 


In Chlorex one atom of each CH, group is Aree 
by Cl, forming the strongly polar C-Cl bond ( 1.54 
10°%) and the resulting moment of the sa ht is 
2.58 & 108. Apart from the analogy with ether, this 
large moment shows that the structure must be the 
same (Figure I.) while %,ax should be still greater 
because the C-Cl-bond is much more polarizable than 
ape 
ee 
ether, the C-Cl-moments are very much exposed and in- 
clined to form complexes by dipole-association. The 
whole molecule in its general shape is comparable to a 
paraffin-chain molecule with two polar end groups. It 
differs from di-chloro-ethane by its much greater dipole 
environment and in so far as the C-Cl bonds will not 
influence each other being much farther apart. For this 
reason stronger association and induction are to be ex- 
pected. So far as temperature is concerned, this sub- 
stance should resemble in its versatility the short paraffin 
hydrocarbons (propane etc.). 


C-H. While the -moment is screened as in 








FIGURE 2 


There is, however, a characteristic difference: all over 
the length of any rather long-chain complex of a sub- 
stance like chlorex there are distributed strongly polar 
and polarizable C-Cl bonds, resulting in much stronger 
induction and dispersion-forces and, consequently, in- 


clined to form solvates preferentially with strongly 
polarizable molecules. This checks well with practical ex. 
perience.’*” In general, we should expect marked tem- 
perature effects with this solvent due to its association 
characteristics and its effectiveness to be due more to 
induction effects, resulting in a lower solubility in par- 
affinic oils (small ©) and a much higher one in aromatics 
(large *), naphthenic oils occupying an intermediate 
position. 


7. SOLVATE FORMATION AND PHYSIOLOGY 

It happens that a group of substances which attracted 
the greatest attention in physiology in recent years are 
naphthenic compounds: Hey Ho 





Hp Ne the sexhormones. These are de- 
rivatives of cyklopentano-perhydro-phenanthrene: This 
substance is of nearly laminar structure with obviously 
high asymmetry of polarizability. It is, therefore, not 
surprising to find in this group of substances phenomena 
which may be brought about by their solvation char- 
acteristics. 

CHs 
OH 


CH 


0 testosterone vas found to become practically 
ineffective in a solution of either of two vastly different 
substances: paraffin oil and glycerol, while propylene- 
glycol enhances the effectiveness of androsterone and, 
fatty acids, in general, act in the same direction. A 
closer investigation of these cases might well prove them 
to be solvation phenomena. 

We should expect that, once directing our attention 
to such experiences, we might find that this effect 1s 
much more common than hiterto assumed and perhaps 
many cases of “specific” action or specific failure in 
medical treatment might thus be explained. 

The extension of refining research along the lines 
presented in this paper—incomplete and qualitative as 
they are at present—may add services to the welfare of 
mankind to the already well known services of the in- 
dustry in improving the commodities of life. 
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Twenty-Seven Draw-Off Points Provided for 


New Fractionating 


- to 
ar- 
tics 
ate 


Y 
ted 
are 
N the summer of 1936, Naph-Sol Refining Com- 
pany found it expedient to improve the operation 
of its specialty-products plant in Muskegon, Michi- 
gan. This was accomplished by the erection of a 
new fractionating column 6 feet in diameter by 100 
feet in height, containing 35 bubble trays. The col- ee : 
de- umn is so designed that products can be withdrawn above the stripping trays has a gravity of 32-34° 
‘his from each of the 27 trays at various points along A.P.I., while the distillation is as follows: 
isly the side. The remaining 8 trays are designed to op- Seana es eae 41.8° API. 
not erate as stripping plates in the removal of light BB os psicde cu ee ven eeu 454°F. 
ena products from the fresh crude charge to the plant. JD PETCENE «22... seers eee eeeeeeeeeeee 478 
lar Each tray is fitted with 52 bubble caps, 10-inch = RS an” Sees ane a 
downcomers and 3-inch wiers. Pe ee 
About 2500 barrels of Michigan crude is charged Dk, wins = bad bd be'sicee.catee ee eee 
daily to the unit. It is pumped by a 10x3'%x10 inch 5 eee 526 
duplex steam pump through a clover leaf, cast iron, = EE Oe ee ee aah 
dry trim coil, in the top of the column to obtain RR SNORE NMIIE AION ATS SE 
column control and to conserve heat. The oil travels « MULE Ce ee 562 
from this point to a shell-and-tube exchanger, bot- DD rete cette ee ete e ete e eee eee eta a 
ally @ toms-to-crude, thence to a small vertical vessel end oneng situates? * ts -sre7 eee a 
dia where a certain time element assists in the removal 
ne- of suspended moisture and other easily removed Kerosine manufactured and removed from the 
“at foreign matter. The temperature. imposed upon the next higher draw-off manifold has the following dis- 
A charge in the dry trim coil is roughly 210°F., and in ¢i}lation: 
si the crude-to-bottoms exchanger temperature is raised i 465° API 
to about 350°F. DW xs vs vccyon v3.4 ROL ee 
son Under the initial pump pressure the crude is then © MONE. os, ix c's esis va 404 
+ is directed to the pipe still, containing 110 tubes, 3 BG <5 sats dc sevens sans gine Cnecemage tian 412 
aps jm Mmches in diameter and 22 feet in length, with welded = see a Retna k 0-9 40-5 cette ae = 
in return bends. Because of the relatively low pressure ar a ee ee 
and temperature used in processing crude through i 8 AG OE eae ee 431 
nes this unit, it has been found that it is more economi- _ OPE OTE er AE INE 435 
ie cal to employ this type of construction than if spe- 5, ME LOTT CLEP ETE TET Te Ce Be 439 
Le wt “ities : Pi, ° “SES EU DNS SEN EAE pL 445 
» of cially constructed fittings were used. It has also 90 455 
in- been the experience of this company that when a a. Oe ok Na eg ee 
tube failure occurs, both the tubes and return bends eek NE oe eee ee 
may be cut away with a torch and new ones inserted Recovery percent ....++.+seseeeee sees 99 
mac aratively s 
— tea ceaiaehihic damumaiithss 4 Two trays were left without draw-off fittings im- 
TRANSFER TEMPERATURE mediately following the kerosene section, with a 
i ony : 6 manifold connecting the following 4 trays for “Stod- 
al _1ne transter temperature of the oil leaving the dard” removal, which has the following distillation: 
pipe still is maintained at about 575°F., at which the Gravi P 
charge enters the large column just above the sev- ie Pe Ree eal ae, ee ee pr ll gaa ie 
enth stripping tray, counting from the base of the OwbWONR Goce oo cco oon dae cl tea ee 
column. The next 5 trays are connected to a header MPs ihesded acdciees Loe 317 
i. outside the column by fittings attached to the nip- = a dod hilt ashe alah fe be iiss eet ria 
ples in the side of the column for gas oil removal, MG ere or eee eee 325 
me the flow of this product is controlled by. a hand- * RE i Se Rk PURSE NRT EAR Ay as 
) § @ operated master valve on the liquid line leading from RE Ee PP ee Ce Fe be 332 
14 fF the draw-off header to the bootleg, or stripping A eee 336 
ngin. column. = @. Owe Cece veeeeseroceeosiesevssoadtsaes oa 
-_ Skipping one tray, the 4 next above are connected SSS Oe 1s Nae eS 
to an outside header for the removal of a distillate TO ONO ss ction +0 cba ak ned qaniea cee 398 
me @ cut, with kerosene being removed from the 4 trays Recovery percent ............... pig *s fe 
24 above this assembly. The gas oil taken from the PROUT sia aes 6 cia eaee 102° F. Tag closed cup 
Column which collects on the first 5 bubble plates One tray just above the “Stoddard” draw-off sec- 
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tion was left blank on the outside of the column, and 
a manifold was connected to the next higher 4 trays 
to withdraw naphtha which has a distillation as fol- 
lows: 


a ony wos be cade hues oa 59.8° A.P.I. 
oe pe ieee wee nen 218°F. 
RI ue dia 4 oh CG Bs fates pales 234 
er ME TUE aoe GEN swish os Bele » Ra Sao 238 
I ER Le ath, UO ahead eu¥as oda t 243 
| he Bel 5 ROD Al ay ep tear aa tere 247 
ee Mak ial, 94.5 «6 see 6 aos oh oe 251 
ON Sia Gila 6x ck sede a Kees od «awe 254 
ee ae 4c 6 6 Sid Sce Bate nbie<:3 ames 258 
a oe id oa ao wie cM ine a oise eae’ 263 
is ol Ati eeu an es i 268 
OM, TEN, gat 5c ik dw bpie ed's 846 as 274 
UE UM Ue Goss eds oh S a cee wegen 284 
NSE SS Crea ere eae a ee 320 
I IN onan os hiss meee bie 98 


The 2 trays just above the draw-off section for 
naphtha function as reflux bubble plates for the over- 
head stream, which is rubber solvent, with the fol- 
lowing distillation : 


Nd Le eas as % a0 40.04 nie 884 72.0° A.P.TI. 
ee i wel Gu kee setnaee’ 100°F. 

Ser Sulkin din Sn oe Sie. p\d was 126 

ITS AUER sag ath a. «ira aig bie Sek ace 0 Gd oe 138 

a ace Sik Ld ce Sine a aie & 6.6 618 edd 070d 152 

ET dS Sie aie ales Kips a8 weeks 166 

Pd eee asaya. Wl gs 51% 0.9, a0 a= Hib0'e we 176 

Re LE gw ancn. 4 bx. sin a's be acu® vie 185 

i Rs BOP tea ya's wdlais Kid Abe 194 
se 5 2a lng 3.0 Bix bh hk 205 

GYRE ST GSR Seer ee arares eee aney 220 

NEE Pg ae ida es Ske on hem Reed 230 
a aa ccna we sieteg oe ae 249 
EL. Ss eae na nob e's Vaba a6ite 285 
NN ree - 8 ; 
Each of the 6 side streams enter individual side 

strippers through insulated 


1%-inch lines. Each stripper 
is equipped with a hand-con- 
trolled master gate placed on 
the header where the combi- 
nation of draw-off connec- 
tions are attached to the side 
of the column. They are in- 
stalled so the bonnet and stem 
point downward so that an 
extension rod attached to each 
has sufficient length that the 
stillmen can control the flow 
of liquids from the manifolds 
without climbing the column 
each time an adjustment 
should be made. Each nipple 
attached to the side of the 
column at the draw-off plate 
is also equipped with a con- 
trol valve so that any combi- 
nation of plates in the partic- 
ular section can be used in 
manufacturing the products 
desired. Vapors driven from 
the material while passing 
through the side-strippers by 
process steam re-enter the 
column through 2-inch lines, 
also insulated, connected to 
the tower just above each 
draw-off combination. 
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New column used by Naph-Sol Refining Company 
at Muskegon, Mich., for manufacturing naphthas. 
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CORROSION CONTROL 


To control tower, plate, and condenser-section cor- 
rosion, ammonia is injected into the column just 
above the seventh tray from the base, and to control 
the hydrogen sulfide, the overhead stream is treated 
with a caustic wash as it is accumulated in the 
drums beyond the condenser boxes. The stream of 
overhead products passes through 2 water separa- 
tors set on the ground next to the condenser and 
reflux pump building, with an overhead liquid line 
placed on posts leading to the caustic wash tanks, 
Two tanks are used for this purpose, one for con- 
tacting with the chemical, and the second used as a 
settling drum. The caustic is picked up by a small 
duplex pump from the base of the first drum and 
discharged into the liquid line just beyond the sec- 
ond water separator. Sufficient contact is obtained in 
the liquid line and in the caustic and liquid tank to 
remove the hydrogen sulfide without the installation 
of contact nipples and mixers. The liquid, after pass- 
ing through the two drums flows to the run-down 
tank from which sufficient material is returned to 
the top of the column for refluxing. By following out 
the practice of treating the over-head stream with 
caustic as it is withdrawn from the column, it has 
been observed that considerable saving is obtained 
in subsequent doctor treating as well as eliminating 
corrosion of the liquid lines, tanks and other equip- 
ment. 

When manufacturing specialties with close-boiling 
ranges, the base material, which may be a combina- 
tion of any of the lighter cuts, is pumped into shell- 
stills for final fractionation. All of the products are 
then treated in individual 
agitators. Continuous treat- 
ing is considered not suit- 
able for treating specialties 
because of the chance of 
contamination by traces of 
the material just treated. 
Extreme care must be taken 
with these specialties, which 
ordinarily are manufactured 
in individual carlot orders, 
in order to meet special spe- 
cifications. 

Close regulation and con- 
trol of temperatures and 
pump discharges are ob- 
tained by the use of instru- 
ments, both recording-regu- 
lating and regulating with- 
out record charts. Column 
top and feed control instru- 
ments were installed in the 
space just below the con- 
denser boxes where reflux 
and crude-charging pumps 
were installed. All of this 
equipment is protected by 
brick walls so that cold 
weather will not interfere 
with the operation of the 
plant. 
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Laboratory Drain Rack 


HE accompanying sketch shows a rack 

which has been found very useful for 
draining four ounce bottles, pour test jars, 
small beakers, and viscosity sample dip- 
pers. 
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To drain sample boitles. 


The rack proper may be made of per- 
forated sheet or expanded metal turned 
up at the edges. Vertical rods of the prop- 
er length should be welded to the back 
edge for draining pour test jars and small 
bottles. 

This “gadget” may be used to span the 
work table oil-sump, in the hot-room, or 
any other suitable location. 


Olean, N. Y. G. F. F. 


Gasoline Decolorizing 
Apparatus 


ASOLINE made at low pressures in 

Fast Texas is usually slightly off 
color due to a small amount of crude 
being held in the gas from atomization, 
which the field scrubbers will not remove. 
The amount of such fluid is so small that 
it is not noticeable in the operation of the 
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This apparatus takes the crude oil 
out of natural, 


April, 1937 





compressors, but does cause the gasoline 
to become unfit for marketing. Gregg Tex 
Gasoline Company built an apparatus to 
rectify this difficulty, using decolorizing 
clays for the purpose. The unit consists 
of a vertical chamber with a flanged head 
for ease in filling and a flanged manhole 
at the base for cleaning. Gasoline is auto- 
matically passed through this filter from 
the low pressure gas scrubbers, or ac- 
cumulators, by a liquid level controller. 
Since the gas passes from top to base, 
the outlet line is connected to a small ver- 
tical scrubber to prevent particles of clay 
from being carried along with the stream 
to the storage tanks. Pressures upon the 
low pressure system are sufficient to pass 
the gasoline through the decolorizer and 
to plant storage without the need of 
pumping. The color of the gasoline is 
checked periodically, and when the color 
is not up to standard, fresh clay is placed 
in the vertical chamber. 
Tulsa, Oklahoma. 
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Wier Boxes for Water 
Measurement 


HEN Lion Oil Refining Company in- 
stalled a new system of treating oil 
for the removal of crystalline salt con- 
tained in certain charging stock produced 


Tims, 





Wier box for measuring water. 


from wells in South Arkansas, water was 
introduced into the mass to dissolve the 
crystals, after which it was removed with 
suspended water originally in the oil. To 
determine accurately the difference be- 
tween water introduced and extracted 
water, meters were placed on the incom- 
ing stream, and wier boxes on the outlet. 
The idea of measuring water by wier 
boxes has been used for many years, but 
the arrangement in the Lion plant is dif- 
ferent.. A steel receiver box was con- 
structed for the four streams of water 
removed from the units, and this was 
placed over a sump leading to the plant 
sewer and oil recovery system. The usual 
calibrated slots were machined in plates 
separating the four streams and the sump, 
with covers placed over the receiving sec- 
tions of the wier box. 


A Gulf Publishing Company Publication 
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Bottle Washing System 


At many oil refinery laboratories the 
bottle washing job is quite a problem. 
A system of bottle washing such as the 
following has proven a labor cost saver 
and cut the soap cost to a low figure. 
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A 
Bottle washer. 


The used bottles are placed in hardware 
cloth wire cages A, which are constructed 
with iron framework to which the wire is 
spot welded. The top is provided with 
hinges, b & a latch c. A pair of handles d, 
are attached to the top cross bar of the 
frame. Dimensions are 20” x 20” x 20” 
with capacity for 100 pints and 72 quart 
bottles. 

The bottle loaded cages (number de- 
pending on capacity of tubs) are placed 
in tub X, to which has been added 2 
pounds Tri-So soap powder and left to 
soak for period of 24 hours. At the end 
of this period bottles are removed from 
cages and placed in tub Y, of clear water 
from which they are taken after one rinse 
and placed on drain board B, provided 
with holes for the bottle necks. The soap 
solution need be changed only about once 


each week. 
Shreveport, La. J. O. GrirFin. 


Circulating Lines 
Speed Blending 


 B ee vier the conventional swing and or- 
dinary suction line it is necessary to 
circulate the various gasoline stocks in a 
37,5C0-barrel tank. for 6 hours before a 
uniform blended gasoline is _ secured. 
There-are times when the blend of gaso- 
line must be changed four or five times 
before the proper specifications are met— 
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and after each change the contents of the 
tank must be circulated. Under such con- 
ditions it is readily seen that there is 
much loss of time as well as actual volu- 
metric loss of gasoline due to repeated 


handling. 


PLAN OF SUCTION LINE PLAN OF DISCHARGE LINE 
INTERNAL CIRC ULATING LINES OF BLENDING TANK 


SUCTION LINE PER MAN- DISCHARGE LINE MOVABLE 
ENTLY SET BY SWINO JOINT HOIST 
LINES ARE DRILLED WITH I/21NHOLES 6IN APART 


SKETCHED BY ME WOOLDRIDGE 


Through the use of such connections 
as are shown in the diagram the 37,500 
barrels of various stocks can be properly 
blended in about one fourth of the time 
required where internal circulating lines 
are not used. It is only necessary to use 
ordinary piping and pipe fittings to install 
this type of hook-up. 


M. E. Woo.pripcE 
Ponca City, Oklahoma. 


Laboratory Shaker 


FTEN in the laboratory, particularly 
in research work, it is necessary to 
compare the action of different chemicals 
on a substance when under the same con- 
ditions. For example, one may wish to 
compare the “treating” properties of dif- 
ferent substances on the same gasoline or 
the action of the same treating agent on 
different gasolines. To do this it is neces- 
sary to give the samples the same type of 
agitation and agitate for the same length 
of time. The latter is easy to do by hand, 
but the former is very difficult. 
This difficulty was overcome by con- 
verting an electric motor-driven, agitator 
type washing machine into a laboratory 








—Agtteter Type 
Washing Machine 


_—_]__Apiteter Shaft. 
a —~-+— bettie Holder 


-— /Gvert Zottle 
hi” Mood Disk 















LABORATORY SwMAKER 
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shaker. The conventional agitator was re- 
moved and in its place was installed a 
large plywood disk as shown in the draw- 
ing. On the disk were placed four spring 
clips at right angles to each other to dis- 
tribute the weight evenly. The clips were 
made to hold one 32-oz. square bottle 
each, but can be altered to hold any de- 
sired shape container. If the material to 
be shaken is volatile and builds up pres- 
sure in the container on shaking, the 
wooden disk can be replaced with a metal 
disk and the samples shaken in ice water 
if desired. 

The samples are clamped into position, 
and the motor started and allowed to run 
as long as necessary. It needs no atten- 
tion from the operator in the meantime. 
When the proper time has elapsed the 
motor is stopped and the samples re- 
moved. The operator knows that true 
comparisons can be made, for all the sam- 
ples received exactly the same degree of 
agitation for the same length of time. 


El Dorado, Kansas aa ee 


Folding Table for 
Laboratory or Shop 


|X places where an occasional sturdy 
table is needed, the folding one 


shown in the photos fills the bill. 





Not in use it is out of the way. 


The photos are self explanatory, but 
the following staterhents may clear up 
any constructional points: All wooden 
parts are formed from pine 2x 4’s; the 
table top proper is spliced with %” x 
2” straps at the outer edges. The 
brackets are made of the same size 
iron straps and are hinged to the 2x 4 
uprights so that they can swing inward 
when the table top is dropped. By making 
the stationary part of the top the correct 
width the top will hang perfectly vertical 
and close to the wall when in the folded 
position. 

Haro_p BotToMLey, 
Arkansas City, Kansas. 





Cooling Storage Tanks 


ATURAL GASOLINE often has 
to be stored in tanks at the re- 
finery before it is blended into the 
motor fuels for shipment. One of the 
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WATER IN 








| een WATER OUT 


INSULATED STGRAGE TANK WITH 
VACUUM COOLED WATER CIRCUL- 
ATING COIL FOR NATURAL GASOLINE 





best methods of storage (except under 
pressure) is in insulated tanks equipped 
with chilled water coils. These coils 
are identical to steam coils for heating 
purposes. The evaporation loss is 
greatly reduced in tanks of this type. 
Oxidation is reduced by keeping the 
gasoline cool. 


Utilizing Exhaust Steam 


HEN exhaust steam is taken from 
a pump or turbine by some ex- 
ternal force the efficiency of that piece 
of equipment is increased due to the 
fact that no power is needed by the 


C 4 = i = 
ExwausT STEAM TO 
STEAM IN f 


POINT OF USE 
Live STEAM 


pump to discharge the exhaust steam 
from the cylinder. A further gain is 
obtained if that exhaust steam can be 
put to further use. This can be ac- 
complished by use of the steam jet. 
As is shown in the accompanying 
sketch, the exhaust steam is picked up 
by the high-velocity live steam and 
the mixture is converted into pressure 
in the line, and conveyed to the point 
of use. 


Booster Pump for Supply 
Water to C. F. R. Engine 


HE cooling system on the C. F. R. 

engine requires a stream of water 
flowing through it at all times while 
it is in operation. 

The water supply to the C. F. R. en 
gine is on a line which supplies water 
to a number of other sources whic 
diminish the pressure until it is insuf- 
ficient to force enough water through 
the cooling system 

To overcome this fault a_ booster 
pump was placed in the supply water 
line. A line was placed around the 
pump with a check valve in it so the 
pump would not have to be operated 
when the pressure was high enough to 
supply enough water to the condenser. 

The pump was installed in the attic 
above the C. F. R. engine controlled 
by a hand switch located in the engine 
room. When the pressure is too low 
to supply enough water to the com 
denser the switch is closed, starting 
the booster pump, and the operation 
of the testing unit may be resumed. 
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